— OF 


INTERNAL 
MEDICINE 








SYMPOSIUM ON PANCREATITIS 
= EXPERIMENTAL PANCREATITIS 
= MORTON |. GROSSMAN, M.D., Ph.D. 
— CLINICAL FEATURES OF ACUTE INFLAMMA- 
TION OF THE PANCREAS 
H. L. BOCKUS, M.D., ET AL. 
= USEFUL DIAGNOSTIC LABORATORY PROCE- 
DURES IN PANCREATITIS 
THOMAS E. MACHELLA, M.D. 
MEDICAL MANAGEMENT OF PANCREATITIS 
CHARLES A. JONES, M.D., D.Sc. (Med) 


SYMPOSIUM ON RESPIRATORY DISEASES 


= CURRENT CONCEPT OF THE FINER STRUC- 
TURE OF THE LUNG 
VERNON E. KRAHL, Ph.D. 
SOME FUNDAMENTALS OF RESPIRATORY 
PHYSIOLOGY = EDWIN RAYNER LEVINE, M.D. 
CURRENT CONCEPTS IN THE DIAGNOSIS AND 
TREATMENT OF PULMONARY EMPHYSEMA 
R. DREW MILLER, M.D. 
CURRENT METHODS OF DIAGNOSIS AND 
TREATMENT OF ASTHMA 
WALTER S. BURRAGE, M.D., ET AL. 
SOME CURRENT CONCEPTS OF PULMONARY 
EDEMA 
LT. CMDR. IVAN D. BARONOFSKY (MC) ET AL. 


AMERICAN MEDICAL ASSOCIATION Publication 








R\ 


> te, 
E << 
\ ‘ * / << 
Z 
A @ € 
a 
— = 
\ aloe = ~ 
EB L- 
= Z Z =a fo 
—_ Z eh 
—_ >a te 
= Z 
Zs 
Z 
= Z 
— Z Y 
Z ZA Y 
Z Ye by 
ZZ YZ, 


~ 
. 
S 





... through 
the perilous 


night ae 





N 


You can prevent attacks in angina pectoris 


Fear is a faithful companion. In angina pec- 
toris, particularly, many patients live in 
constant dread of recurrent attacks. 


Prophylaxis with Peritrate, a long-acting cor- 
onary vasodilator, offers new security in a 
majority of such cases. A single dose affords 
protection for as long as 4 to 5 hours, com- 
pared to 30 minutes or less with nitroglycerin. 


Different investigators'? observed that 80% 
of their patients responded to Peritrate ther- 
apy with fewer, less severe attacks . 


.. reduced 


nitroglycerin dependence. ..improved EKG’s 
A variety of convenient dosage forms now 
extends these benefits. Adapted to the recom- 
mended daily dosage of 40-80 mg., Peritrate 
is available in 10 mg. and 20 mg. tablets. To 
help allay the fear of nighttime attacks, 
Peritrate Delayed Action (10 mg. tablets) 
may be taken with the regular bedtime dose 
of Peritrate (plain). 

1. Winsor, T., and Humphreys, P.: Angiology 3:1 (Feb.) 
1952. 2. Plotz, M.: New York State J. Med. 52:2012 (Aug. 


15) 1952. 3. Dailheu-Geoffroy, P.: L’Quest-Médical, vol. 3 
July) 1950. 
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Cross section of active duodenal ulcer. 
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Dramatic Remission of Ulcer Pain 


Pain of ulcer is associated with 
hypermotility; the pain is relieved when abnormal 
motility is controlled by Pro-Banthine. 


“Th studying! the mechanism of ulcer pain, it is 
obvious that there are at least two factors which 
must be considered: namely, hydrochloric acid 
and motility. 

“|. . our studies indicate that ulcer pain in the 
uncomplicated case is invariably associated with 
abnormal motility.... 

“Prompt relief of ulcer pain by ganglionic 
blocking agents . . . coincided exactly with cessa- 
tion of abnormal motility and relaxation of the 
stomach.” 

Pro-Banthine Bromide (6-diisopropylamino- 
ethyl xanthene-9-carboxylate methobromide, 
brand of propantheline bromide) is a new, im- 
proved, well tolerated anticholinergic agent which 
consistently reduces hypermotility of the stomach 
and intestinal tract. In peptic ulcer therapy? 
Pro-Banthine has brought about dramatic remis- 
sions, based on roentgenologic evidence. Con- 
currently there is a reduction of pain, or in many 
instances, the pain and discomfort disappear 
early in the program of therapy. 


One of the typical cases cited by the authors? 
is that of a male patient who refused surgery 
despite the presence of a huge crater in the duo- 
denal bulb. 

“This ulcer crater was unusually large, yet on 
30 mg. doses of Pro-Banthine [q.i.d.] his symp- 
toms were relieved in 48 hours and a most dra- 
matic diminution in the size of the crater was 
evident within 12 days.” 

Pro-Banthine is proving equally effective in the 
relief of hypermotility of the large and small 
bowel, certain forms of pylorospasm, pancreatitis 
and ureteral and bladder spasm. G. D. Searle & 
Co., Research in the Service of Medicine, 





1. Ruffin, J. M.; Baylin, G. J.; Legerton, C. W., Jr., and 
Texter, E. C., Jr.: Mechanism of Pain in Peptic Ulcer, 
Gastroenterology 23:252 (Feb.) 1953. 


2. Schwartz, I. R.; Lehman, E.; Ostrove, R., and Seibel, 
J. M.: A Clinical Evaluation of a New Anticholinergic 
Drug, Pro-Banthine, Gastroenterology 25:416 (Nov.) 
1953. 


SEARLE 





INTERNAL MEDICINE 





Etta Shesbes Aesuciated with _erelillies 
of the Hemoglobin Molecube 


The Minot Lecture 


HARVEY A. ITANO, M.D., Ph.D., Bethesda, Md. 


The role played by Dr. William B. Castle, 
the first Minot lecturer, in stimulating the 
initial studies of hemoglobin in sickle-cell 
anemia is not generally known. It was his de- 
scription, in 1945, of the effect of oxygen and 
carbon dioxide on sickling, in Dr. Linus Paul- 
ing’s presence, which prompted Dr. Pauling 
to postulate that an abnormal hemoglobin was 
present in the sickling cells.' The following 
year, Dr. Pauling suggested that I begin the 
investigation which culminated in the detec- 
tion of an inherited abnormal hemoglobin in 
sickle-cell anemia and sickle-cell trait.° By 
1951 two more abnormal hemoglobins ( Figs. 
1-5) were found to be associated with sickle- 
cell disease.* By 1953, ten distinct hereditary 
clinical states were known to be associated 
with abnormal hemoglobin metabolism.*® Dur- 
ing the past year five more abnormal hemo- 
globins have been found,+ two in clinical 





Submitted for publication June 30, 1955. 

Clinical Biochemical Research Section, Labora 
tory of Biochemistry, National Cancer Institute, 
National Institutes of Health. 

Read before the Section on Experimental Medi- 
cine and Therapeutics at the 104th Annual Meeting 
of the American Medical Association, Atlantic City, 
June 8, 1955. 

* References 3 and 4. 

+ References 6-10; Rucknagel, D. L.; Page, E. 
B., and Jensen, W. N.: Hemoglobin I: An Inherited 
Hemoglobin Anomaly, unpublished data; Thorup, 
O. A.; Itano, H. A., and Wheby, M. S.: Hemo- 
globin J, unpublished data. 


states resembling Cooley’s anemia ¢ and two 
in asymptomatic states.§ While part of what | 
shall review comprises work done by my col- 
leagues and me, much is due to the many 
other investigators now engaged in the study 
of abnormal hemoglobins. Surveys published 
in recent months have provided detailed lists 
of references to specific investigations. 
Those interested are referred to the surveys, 
as no attempt will be made in this brief pre- 
sentation to duplicate their completeness. 
Sickle-cell disease and thalassemia major, 
or Cooley’s anemia, have several features in 





+t References 6-8 and 10. 

§ Rucknagel, D. L.; Page, E. 
W. N.: Hemoglobin I: An Inherited Hemoglobin 
Anomaly, unpublished data; Thorup, O. A.; Itano, 
H. A., and Wheby, M. S.: Hemoglobin J, unpub- 
lished data. 

|| References 1 and 11-13. 
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Fig. 1—The two families in whom hemoglobin- 
C was first found. One parent in each family has 
sickle-cell trait, and the other, hemoglobin-C trait. 
Of the six children two are normal, one has hemo- 
globin-C trait, and three have sickle-cell-hemo- 
globin-C disease. Sickle-cell trait also appears 
among the offspring of such unions. (From Itano 
and Neel,? Proceedings of the National Academy 
of Sciences , Washington, D. C., The Academy.) 
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Fig. 2.—Electrophoretic patterns obtained by 
moving boundary electrophoresis of samples from 
the families represented in Figure 1. Method of 
Wells and Itano.17 (a) Hemoglobin A only; (b) 
hemoglobin S with a small amount of hemoglo- 
bin F; (c) hemoglobins A and S; (d) hemoglobins 
A and C in hemoglobin-C trait; (e) hemoglobins 
S and C in sickle-cell-hemoglobin-C disease; (f) 
hemoglobins F, S, and C in sickle-cell-hemoglobin- 
C disease; (g) and (h) mixture experiments to 
demonstrate differences in mobility among hemo- 
globins A, S and C. (From Itano and Neel,? Pro- 
ceedings of the Nattonal Academy of Sciences, 
Washington, D. C., The Academy.) 


common. Each is characterized by a chronic 
hemolytic process and is refractory to treat- 
Each 


carrier 


ment. is associated with an asymp- 


tomatic state, sickle-cell trait and 


thalassemia minor, or Cooley’s trait, respec- 
tively. In each the 
ascribed to heterozygosity in an abnormal 


case carrier state is 
gene and the anemia to homozygosity in the 
corresponding gene.'* Studies of the physical 
and chemical properties of the hemoglobin 
molecule in these conditions have yielded 
much information on the nature of inherited 
metabolic defects in hemoglobin synthesis and 
have clarified the clinical aspects of sickle-cell 
disease and thalassemia by showing that 
neither is a unique entity but is a complex of 
diseases having similar clinical manifesta- 
tions. 

Hemoglobins of different species, while 
possessing many properties in common, have 
a number of demonstrable differences in their 


{ References 5 and 15. 
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composition and properties. The adult hemo- 
globin of a given species differs from a form 
present in the fetus or newborn in certain 
physical and chemical properties."* The 
studies to be reviewed here showed for the 
first time that inherited abnormal forms of 
human hemoglobin exist and that these torms 
are in some cases the primary cause of 
anemia. Various methods are available for 
the characterization of preteins, and a few 
have been particularly effective in the detec- 
tion of abnormal hemoglobins. The most use- 
ful has been electrophoresis (Figs. 2 and 3), 
which shows the charge difference between 
molecules and which permits the determina- 
tion of the relative proportions of components 
in a mixture of differently charged molecules. 
Both the moving boundary and the zone 


Fig. 3—Patterns showing the similarity in the 
electrophoretic behavior of hemoglobins S and D. 
Method of Wells and Itano.17 Left column, top 
to bottom, two cases of sickle-cell anemia (hemo- 
globin S with a small fraction of hemoglobin F) 
and two cases of sickle-cell trait (hemoglobins A 
and S). Right column, top to bottom, two cases 
of sickle-cell-hemoglobin-D disease (hemoglobins 
S and D with a small fraction of hemoglobin of F) 
and two cases of hemoglobin-D trait (hemoglobins 
A and D). The erythrocytes in hemoglobin-D trait 
do not sickle. The apparent difference in the 
direction of migration from that in Figure is 
not due to a difference in experimental procedure. 
Figure 2 was prepared from tracings and Figure 3 
from contact prints of the original patterns. 
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Fig. 4.—Solubilities in concentrated phosphate 


buffers of hemoglobins from normal adults and 
from persons with sickle-cell trait and sickle-cell 
anemia. (From Itano,* Proceedings of the National 
Academy of Sciences, Washington, D. C., The 
Academy. ) 


methods of electrophoresis have proved to 
be effective tools in hemoglobin analysis.# 
Salting out of hemoglobin from solutions 
under fixed conditions and determining its 
concentration in the supernatant (Figs. 4 
and 5) provides a measure of the tendency 
of hemoglobin molecules to aggregate.* The 
alkali denaturation reaction (Fig. 6) and the 
examination of ultraviolet absorption spectra 
are useful methods for the detection of fetal 
hemoglobin.+ The hemoglobins differ from 
each other in their globin portions,¢ but the 
exact nature of their difference is not known 
Amino acid analyses yield no significant dif- 
ferences in the charged amino acids.*° Dif- 
ferences have been reported in the numbers 
of free sulfhydryl and carboxyl groups.§ 
Without going into detailed data, which are 
available in the literature, I shall review 
anemia 

# References 2 and 17-24. 

* References 25-27. 
+ References 18 and 28. 
t References 2 and 29. 
§ References 31 and 32. 
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briefly the distinctive characteristics of the 
human hemoglobins and the various disease 
states with which they are associated. 
NORMAL ADULT AND FETAL HEMOGLOBINS 
Hemoglobin A (normal adult hemoglobin ) 
is the only form present in measurable 
amounts in the majority of humans after the 
first six or seven months of postnatal life; 
consequently, it is the form present in hema- 
tologic disorders not associated with defec- 
tive hemoglobin metabolism. It is also pres- 
ent in some of the disease states and in all of 
the carrier states of the hemoglobinopathies 
(Figs. 1-3). Hemoglobin A has an isoelec- 
tric point of 6.9 in phosphate buffer (as car- 


bonmonoxyhemoglobin),* is very soluble in 
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Fig. 5.—Solubilities of hemoglobin from hemo- 
globin-D trait (G. H. and M. H.) and from sickle- 
cell-hemoglobin-D disease (B. H. and R. H.). The 
dashed curve is the sickle-cell trait curve from 
Figure 4. The solubility determinations shown on 
Figures 4 and 5 distinguished between sickle-cell 
trait and hemoglobin-D trait, which yielded iden- 
tical hemoglobin electrophoresis patterns, and be- 
tween sickle-cell anemia and sickle-cell-hemoglobin- 
D disease, which also yielded identical patterns 
(Figure 3). (From Itano,* Proceedings of the 
National Academy of Sciences, Washington, D. C., 
The Academy.) 
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Fig. 6—Alkali denaturation curves of a sickle- 
cell anemia specimen, illustrating two methods of 
determining the apparent percentage of fetal hemo- 
globin present. The ordinate is the logi of the 
apparent fraction of undenatured hemoglobin. Open 
circles, modification of method of White and 
Jeaven.!2 Filled circles, modification of method 
of Singer, Chernoff, and Singer.?§ 


salt solutions,|| and is labile to denaturation in 
alkali.** 

Hemoglobin F (fetal hemoglobin) is the 
first form of hemoglobin produced in the 
fetus. Hemoglobins A and F are present 
simultaneously in late prenatal and 


postnatal life. The production of fetal hemo- 


arly 


globin persists into adulthood in many vic- 
tims of hereditary anemias (Figs. 2, 3, and 
6) and may occur in some victims of ac- 


8 


quired anemias.** Fetal hemoglobin is dis- 
tinguished from all other human 
globins by its elevated resistance to denatura- 
tion in alkali (Fig. 6). Its electrophoretic 
behavior and ultraviolet spectrum are also 


unique.** 


hemo- 


THE ABNORMAL HEMOGLOBINS 

Hemoglobin S (sickle-cell hemoglobin) 
differs from hemoglobins A and F in its elec- 
trophoretic behavior and solubility (Figs. 2 
and 4). A calculation based on electrophoretic 
mobilities indicates that a molecule of hemo- 
globin S has about three more net positive 
charges than a molecule of hemoglobin A.* 
When the two hemoglobins are in the de- 
oxygenated state, the solubility of hemoglobin 
S is a small fraction of that of hemoglobin 
A. The sickling test is positive in erythro- 
cytes containing hemoglobin S, and concen- 


|| References 


§ References 
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trated solutions of hemoglobin S form large 
molecular aggregates and gels when deoxy- 
genated.** The same process, when it occurs 
within the red cell, causes sickling. 

Hemoglobin C (Figs. 1 and 2) has a 
greater net positive charge than hemoglobin 
S and a greater solubility than hemoglobin 
A.# The presence of hemoglobin C is ac- 
companied by an elevation in the percentage 
of target cells.* 

Hemoglobin D is indistinguishable from 
hemoglobin S by electrophoresis (Fig. 3) but 
its solubility is like that of hemoglobin A 
(Figs. 4 and 5).* 

Hemoglobin E is unique in that its electro- 
phoretic mobility is similar to that of hemo- 
globin C on the alkaline side and to that of 
hemoglobin S on the acid side of their iso- 
electric points.t Carefully controlled moving 
boundary electrophoresis experiments indi- 
cate that the mobility of hemoglobin E is 
slightly lower than that of hemoglobin S at 
pH 6.5 and slightly greater than that of hemo- 
globin C at pH 8.6.4 

Hemoglobin G § has been reported in only 
one case. Its mobility by paper electrophoresis 
at pH 8.6 is the same as that of fetal hemo- 
globin, but it is labile to alkali denaturation.’ 

Hemoglobin H || has an electrophoretic 
mobility greater than that of hemoglobin A 
at pH 8.6 and an isoelectric point lower than 
that of hemoglobin A.{] 

Hemoglobin I has an electrophoretic mo- 


bility between those of hemoglobins A and H 
# References 5 and 27. 
* References 34-36. 
+ References 6, 7, and 8. 
t Itano, H. A.: Unpublished data. 
§ An abnormal hemoglobin has been reported by 


J. D. Battle and L. Lewis, J. Lab. & Clin. Med. 
44:764, 1954. Its electrophoretic properties and 
hematologic manifestations indicate that it differs 
from the other abnormal hemoglobins, and it will 
be called hemoglobin K (personal communication 
from Battle and Lewis). 

|| Other occurrences of hemoglobin components 
apparently identical with H have been observed by 
W. R. Bergren, H. A. Itano, and Sturgeon, and by 
A. G. Motulsky (personal communication to the 
author ). 

{ Reference 10 and Itano, H. A.: Unpublished 
data. 
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at pH 8.6 and an isoelectric point between 
those of hemoglobins A and H.# 

Hemoglobin J has an electrophoretic mo- 
bility between those of hemoglobins A and | 
at pH 8.6 and an isoelectric point between 
those of hemoglobins A and I.* 


THE CLINICAL STATES 

With respect to their clinical manifesta- 
tions the various states characterized by in- 
herited abnormalities in hemoglobin metabo- 
lism may be grouped into three categories, 
(1) the asymptomatic carrier states, (2) the 
(3) the 
thalassemia and thalassemia-like compiex. 


sickle-cell-disease complex, and 


THE ABNORMAL HEMOGLOBIN TRAITS 

The conditions which come under this clas- 
sification are due to the presence of a single 
abnormal gene, and the subjects do not under 
ordinary circumstances have symptoms refer- 
able to their carrier state. Their significance 
rests upon the fact that an offspring of the 
marriage of any two carriers may suffer from 
a chronic anemia. A hematologic examina- 
tion would detect the presence of some of 
these conditions, but a hemoglobin analysis 1s 
necessary in the others. 

Sickle-cell trait occurs in about 9% of 
American Negroes.'* Sickling erythrocytes 
in the absence of other erythrocytic ab- 
normality or anemia is the hematologic cri- 
terion for diagnosis. Hemoglobins A and S 
are present, about 25% to 45% being hemo- 
globin S.** The solubility of the mixture falls 
between those of hemoglobins A and S and 
depends on the ratio of the components.*' 
Familial differences occur in this ratio. 

Hemoglobin C trait has been detected in 
2% to 3% of American Negroes.t Hemo- 
globins A and C are present, usually in the 

# Rucknagel, D. L.; B., and Jensen, 
W. N.: Hemoglobin I: An Inherited Hemoglobin 
Anomaly, unpublished data; Itano, H. A.: Unpub- 


Page, E. 


lished data. 
* Thorup, O. A.; 
M. S.: Hemoglobin | 
H. A.: Unpublished data. 
+ References 37 and 38. 
References 21 and 24. 


Itano, H. A., and Wheby, 
J, unpublished data; Itano, 
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approximate ratio 2:1. The solubility of the 
mixture is between those of hemoglobins A 
and C.**7 An elevated percentage of target 
cells occurs in this condition.§ 

Hemoglobin D trait is a rare condition re- 
ported in two families of European descent.|| 
Hemoglobins A and D are present, and the 
solubility of the mixture is nearly the same 
as that of hemoglobin A.{/ No erythrocytic 
abnormality has been observed. 

Hemoglobin E trait has been observed in 
two persons in the Western hemisphere.# It 
apparently has a high incidence in That- 
land *® and has also been observed in Indo- 
nesia * and in Ceylon.f Hemoglobins A and 
E are found in this trait. Hematologic values 
were found to be normal.*° 

Hemoglobin G trait has been reported in 
one West African person.” Hemoglobins A 
and G were present in his erythrocytes. The 
solubility of the mixture was the same as that 
of hemoglobin A. No clinical or hematologic 


2 
report is at present available. 


Hemoglobin I trait was found in three 
generations of an American Negro family. 
Hemoglobins A and I were observed. The 
clinical and hematologic findings were nega- 
tive. 

Hemoglobin J trait was found in two gen- 
erations of an American Negro family.§ 
Hemoglobins A and J were found, but other 
observations were normal. 
ne 

§ References 34-36. 

|| References 8 and 11. 

{ References 4 and 27. 

#1. M. (Reference 8) and his half-sister (un- 
published data). 

* Lie-Injo Luan Eng: Personal communication 
to the author. 

+ Lehman, H.: Personal communication to the 
author. 

t Rucknagel, D. L.; Page, E. B., and Jensen, 
W. N.: Hemoglobin I: An Inherited Hemoglobin 
Anomaly, unpublished data. 

§ Thorup, O. A.; A., and Wheby, 
M. S.: Hemoglobin J, unpublished data. 

Since the present manuscript went to press, 
trait 


Itano, H. 


additional and the 
homozygous G condition have been published by 
G. M. Edington, H. Lehmann, and R. G. Schneider: 


Nature, London 175:850, 1955. 


data on hemoglobin G 
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Thalassemia minor, or Cooley’s trait, has 
been seen most often among persons from the 
northern shores of the Mediterranean. The 
erythrocytes are microcytic and have in- 
creased resistance to lysis in hypotonic saline. 
Normal adult hemoglobin and occasionally 
small fetal 
present. 


amounts of hemoglobin are 
SICKLE-CELL DISEASE 

Each of the conditions in this category is 
characterized by hemolytic disease in the 
presence of sickling cells. Each is due to the 
simultaneous presence in the same person of 
two abnormal genes, and so both parents of 
a patient carry a hematologic abnormality. 
Exceptions to this rule may occur when one 
of the abnormalities is thalassemia || or when 
a mutation occurs.{] 

Sickle-cell anemia is due to homozygosity 
in the gene for hemoglobin S ; therefore each 
parent of a patient must show a positive test 
for sickling# Hemoglobins S and F are 
found in this condition.* In the majority of 
cases the percentage of hemoglobin F is in the 
range 0 to 25%, but cases with as high as 
40% have been observed.+ The lowest solu- 
bilities of any human hemoglobin samples 
occur in sickle-cell anemia specimens with 
little or no hemoglobin F. Increasing solubili- 
ties are observed with increasing proportions 
of hemoglobin F.** The hemolytic anemia and 
clinical manifestations are the severest among 
the four types of sickle-cell disease. 

Sickle-cell-hemoglobin-C disease is due to 
the simultaneous presence of hemoglobins S 
and C 
hemoglobin is occasionally present in addition 


in nearly equal proportions.< Fetal 


to hemoglobins S and C. The genes which 
control the production of hemoglobins S and 
C are probably alleles,§ and so each parent 


|| References 41 and 42. 

{ References 14 and 43. 

# References 44-46. 

* References 2, 28, and 47-49. 

7 Itano, H. A.: Unpublished data. 

t References 36 and 38. Apparent deviations from 
equality have occurred when fetal hemoglobin was 
present in the mixture or when calculations were 
based on moving boundary electrophoresis diagrams 
with inadequately resolved boundaries. 

§ References 38 and 50. 
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contributes one of the abnormal genes to the 
affected child. The solubility of the hemo- 
globin mixture in this condition is slightly 


less than that in sickle-cell trait.** A mild 
hemolytic anemia occurs, and the number of 


target cells is elevated.|| 


Sickle-cell-hemoglobin-D disease has been 
found in two families.{ In each family one 
parent has sickle-cell trait, and the other, 
hemoglobin-D trait. The children with the 
disease have hemoglobins S and D, together 
with small amounts of hemoglobin F. The 
three cases reported to date all have mild 
hemolytic anemias and elevated mean cor- 
puscular volumes. The solubility of the hemo- 
globin mixture is lower than that in sickle- 
cell-hemoglobin-C disease but higher than 
that in sickle-cell anemia.** 

Sickle-cell-thalassemia disease is probably 
the 
among Caucasians. It is due to the simultane- 


commonest form of sickle-cell disease 
ous presence of the genes for sickle-cell hemo- 
globin and for thalassemia. In the usual case 
one of the abnormal genes is inherited from 
each parent. One case in which both genes 
were apparently inherited from the same par- 
ent has been cited as evidence in support of 
nonallelism of the two genes.*! Hemoglobins 
S, A, and F are present in the majority of 
cases,# but cases have been cited in which 
the hemoglobin analysis was indistinguisha- 
ble from that of sickle-cell anemia, only hemo- 
globins S and F having: been found.* The 
proportion of hemoglobin S is about 60% to 
85%. Microdrepanocytic disease is a descrip- 
tive term for the condition, which is usually 
manifested by microcytic sickling cells and a 
mild hemolytic anemia.*! Hemoglobin solu- 
bilities are higher than those in most cases 
of sickle-cell anemia but lower than those in 
the other two variants of sickle-cell disease.** 


THALASSEMIA AND RELATED CONDITIONS 

Wide variations in the severity of thalas- 
semia occur among individuals and families. 
Recent studies have shown that some cases 

|| References 34-36. 

{ References 8 and 11. 

# References 36, 51, and 52. 

* References 8 and 36. 
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previously regarded as examples of thalas- 
semia of moderate severity are characterized 
by the presence of abnormal hemoglobins.'° 

Thalassemia major, or Cooley’s anemia, 
results from homozygosity in the thalassemia 
gene.'* It is characterized by severe chronic 
microcytic anemia and is usually fatal in 
childhood; however, anemias of moderate 
severity have been observed in apparently 
homozygous persons.'® The occurrence of 
fetal hemoglobin is a constant finding, but its 
proportion may vary from 12% to nearly 
100%.7 
indistinguishable from normal adult hemo- 


The remainder of the hemoglobin is 


globin. There is no apparent correlation be- 
tween the severity of the disease and the pro- 
portion of fetal hemoglobin.'° 
Sickle-cell-thalassemia disease may be mis- 
taken for thalassemia of intermediate severity, 
especially in Caucasians, if the sickling test 
is not done.’* 
has 


Hemoglobin-C-thalassemia disease 


been observed in three persons.£ Hemo- 
globins A and C were present in two of them 
and hemoglobins A, C, and F in the other. 
Although an increased reticulocyte count was 
present in each, only one had marked anemia. 

Hemoglobin-[--thalassemia disease is char- 
acterized by the presence of hemoglobins I 
and F. The clinical and hematologic mani- 
festations are similar to those of thalassemia 
major of intermediate severity.§ 

Other syndromes involving the presence of 
abnormal hemoglobins are known to present 
some of the characteristics of thalassemia. 

Hemoglobin-C disease is apparently due to 
homozygosity in the gene for hemoglobin C, 
which is the only form of hemoglobin present 
in nearly all cases. A small fraction of fetal 
hemoglobin is occasionally present. A high 
proportion of target cells and a mild hemo- 


lytic anemia accompany this state, which may 


be mistaken for thalassemia. A recent paper 
by Thomas and his co-workers has summar- 
ized the findings in seven cases from the 
ee 

+ References 15, 53, and 54. 

t References 42 and 55. 


§ References 7, 8, and 40. 
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literature.*’ Other reports have appeared 
since this summary was compiled. 
Hemoglobin-E disease has been observed 
in five persons.*° The erythrocytes were re- 
ported to be microcytic and normochromic, 
and 25% to 60% of them were target cells. 
Increased osmotic resistance to hypotonic 
saline was observed. Most of the hemoglobin 
was E, with 2% to 6% hemoglobin F. 
Hemoglobin H has been found in two per- 
sons with an anemia indistinguishable from 


thalassemia.!° 


GENETIC RELATIONSHIPS OF THE ABNORMAL 


HEMOGLOBINS 

The presence of an abnormal hemoglobin 
in a person is due to the occurrence of a 
mutation in one of his ancestors. A funda- 
mental question in biochemical genetics is 
whether or not the abnormal hemoglobin 
genes are alleles, that is, whether mutations 
resulting in the alteration of hemoglobin 
metabolism takes place at one or more than 
Studies of 
families have furnished strong biochemical 


one chromosomal locus. several 
and genetic evidence that the genes for hemo- 
globins S and C are allelic or are closely 
linked.{ There are data which indicate that 
these two genes are not allelic with the thalas- 
semia gene; in each case the evidence is 
limited to one family.4 The simultaneous 
presence of the genes for thalassemia and for 
an abnormal hemoglobin nearly always re- 
sults in a relative inhibition of synthesis of 
normal adult hemoglobin but not of the ab- 
normal type.* Pauling has suggested that the 
simplest explanation for this fact is that the 
thalassemia gene is allelic with the abnormal 
hemoglobin genes,' and I have suggested the 
possible existence of more than one isoallele 
for thalassemia at the abnormal hemoglobin 
locus.** 

A wide diversity exists in both the clinical 
and the biochemical manifestations of thalas- 
semia major and minor.’® The two known 
families with hemoglobin-C-thalassemia dis- 

|| References 57-59. 

{| References 38 and 50. 

# References 41 and 42. 

* References 8, 51, 52, and 60. 
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ease present different biochemical manifesta- 
tions. In one the thalassemia allele appears 
to have caused a relative inhibition of hemo- 
globin-A synthesis, so that there is a pre- 
ponderance of hemoglobin C **; in the other, 
the synthesis of both hemoglobins A and C 
is inhibited, so that their ratio is the same as 
that in hemoglobin-C trait.®° In contrast, the 
manifestations of sickle-cell trait and sickle- 
cell anemia (homozygous S) are remarkably 
constant.** Because of the complexity of the 
hemoglobin molecule, it is not unlikely that 
its total synthesis is under the control of 
more than one gene locus. The careful exami- 
nation of familial hematologic 
cal data may reveal that several genes, both 
allelic and nonallelic with abnormal hemo- 
globin locus, may produce the thalassemia 
effect, namely, the inhibition of hemoglobin 


and biochemi- 


synthesis. 


RELATIONSHIP OF ABNORMAL HEMOGLOBIN 


METABOLISM TO ANEMIA 
Two factors are involved in hemolytic dis- 
ease, the production and the destruction of 
erythrocytes. Any person maintaining a con- 
stant hemoglobin level, high or low, is pro- 
ducing hemoglobin at the same rate as he is 
destroying it. Crosby and Akeroyd showed 
that anemia develops in chronic hemolytic 
disease when the mean life span of the eryth- 
rocytes is less than 15 to 20 days.*' How- 
ever, anemia (9.6 to 11.2 gm./100 cc.) was 
present in hemoglobin-C disease when the 
mean erythrocyte life span was observed to 
be as long as 30 to 55 days.*® The slightly 
anemic (11.5 to 13.0 gm./100 cc.) subjects 
studied by Crosby and Akeroyd presumably 
did not carry any of the genes for abnormal 
hemoglobin metabolism. The mean life span 
of their cells was 11 to 12 days, and they 
produced hemoglobin at about seven times 
the normal rate of 0.09 gm. per kilogram of 
body weight per day. Despite the increased 
stimulus to hemopoiesis of a more severe 
anemia, the calculated rate of hemoglobin out- 
put in thalassemia major was only two to 
three times normal and in sickle-cell anemia, 
five to six times normal.® 


294 


ARCHIVES OF INTERNAL MEDICINE 

With respect to hemoglobin production, 
the mutant processes thus appear to be less 
efficient than that controlled by the normal, 
or wild type, gene. This hypothesis was 
earlier stated on a cellular basis.** In the 
various trait conditions there is always more 
normal hemoglobin than abnormal in the 
same person. It was postulated that the pro- 
the 
ab- 
the 
normal process being on the average about 


portions reflect the relative efficiencies of 
synthetic processes for the normal and 
normal proteins within the same cell, 


twice as fast as the abnormal ones. This hy- 
pothesis does not necessitate that the abnor- 
mal cells be hypochromic er microcytic but 
that these cells require a longer time to pro- 
duce their normal complement of hemoglobin. 
It may be possible to test this hypothesis by 
comparing the erythroid hyperplasia of the 
marrow, i. e., the number of cells in produc- 
tion, to the degree of reticulocytosis, i. e., the 
rate at which cells are reaching maturation. 
Thalassemia major is an extreme example of 
retarded rate of hemoglobin synthesis. The 
extent of erythroid hyperplasia of the marrow 
is out of proportion to the rate of blood 
destruction,} suggesting that the period of 
red cell maturation is prolonged. 

The increased rate of hemolysis in sickle- 
cell anemia has been linked directly to the 
presence of sickled cells in the peripheral 
circulation.’ The sickling property is, in 
turn, due to the tendency of hemoglobin-S to 
aggregate when deoxygenated.” The primary 
cause of the hemolytic disease is, therefore. 
the synthesis within the erythrocytes of an 
abnormal molecular form of hemoglobin. A 
slight retardation in the maximum rate of 
hemoglobin synthesis contributes to the sever- 
ity of the anemia. 

Each of the two abnormal genes in hemo- 
globin-E-thalassemia disease inhibits hemo- 
globin synthesis. The thalassemia gene in this 
instance blocks completely the synthesis of 
hemoglobin A, and the hemoglobin-E gene 
produces an abnormal hemoglobin at a sub- 
normal rate.* As in thalassemia major and 
sickle-cell anemia, a compensatory produc- 
a 


+ References 11 and 62. 
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tion of fetal hemoglobin occurs. The net re- 
sult is an anemia very similar in its manifes- 
tations to thalassemia major of moderate 
severity. 

Thus, abnormal hemoglobin metabolism 
can result in anemia in either of two ways. 
An abnormal hemoglobin, the physical prop- 
erties of which result in increased suscepti- 
bility to hemolysis, is the basic cause of sickle- 
cell disease. In thalassemia and other abnor- 
mal hemoglobin syndromes, cellular changes 
not ascribable to the type of hemoglobin pres- 
ent but which are associated with decreased 
erythrocyte life span take place. The rate of 
hemolysis is not as rapid as in sickle-cell dis- 
ease, but the ability to compensate by increas- 
ing the rate of production of hemoglobin is 
also less. 

SIGNIFICANCE OF ABNORMAL HEMOGLOBIN 
STUDIES 

The discovery and study of sickle-cell 
hemoglobin provided for the first time the 
explanation for the manifestations of a par- 
ticular disease on the basis of the physical 
properties of an abnormal molecule. The 
synthesis of this abnormal molecule is due 
to the presence of a mutant gene in man. A 
valuable experimental tool is at hand in that 
the existence of such a mutation is detectable 
by physical chemical methods. It is not neces- 
sary for this individual and a similarly af- 
fected individual to produce offspring in 
order to expose the abnormality. Isolation 
and detailed study of the abnormal hemo- 
globin molecules is certain to furnish us with 
greater insight into the effect of mutation on 
the structure of a protein molecule. The need 
for such studies becomes evident when one 
realizes that enzymes are proteins and could 
be similarly affected. It is likely that muta- 
tions which alter the structure or block the 
production of enzymes form the basis for 
other diseases, both inherited and acquired. 


SUMMARY 


The inherited abnormalities in human 
hemoglobin metabolism and the clinical states 
with which they are associated are reviewed. 


The abnormalities result in anemia by in- 
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creasing the rate of erythrocyte destruction 
and by retarding the rate of hemoglobin syn- 
thesis so that the ability of the bone marrow 
to compensate for the increased rate of des- 
truction is limited. The study of abnormal 
hemoglobin molecules may provide a deeper 
understanding of the nature of mutations in 
humans and of the possible bases of other 
disease processes. 

The idea of Dr. Linus Pauling that an abnormal 
hemoglobin molecule might be responsible for the 
sickling process initiated the study of the hemo- 
globin molecule in hereditary anemias. S. J. Singer, 
J. V. Neel, I. C. Wells, E. Havinga, P. Sturgeon, 
and W. R. 


of my investigations. 


Sergren collaborated in various phases 
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SYMPOSIUM ON PANCREATITIS 





Experimental P. ancreatitis 


MORTON I. GROSSMAN, M.D., Ph.D., Denver 


Most of the diseases of man can be sim- 
ulated experimentally in animals. Although 
study of the experimentally induced disease 
seldom provides complete and unequivocal 
answers to the problems of the pathogenesis 
of its spontaneously occurring human coun- 
terpart, such studies do give valuable infor- 
mation for understanding human disease 
processes. This they provide by disclosing 
basic mechanisms of alteration of structure 
and function. From these we can frequently 
make useful hypotheses about the nature of 
the derangement in human disease. 

In the example at hand, pancreatitis, all 
of the major features of the various forms 
of the human disease can be relatively faith- 
fully mimicked by experimental procedures 
in animals. This presentation addresses itself 
to the task of (a) setting forth, insofar as 
they are known, the basic mechanisms in the 
pathogenesis of the experimental disease and 
(b) evaluating critically the possible applica- 
bility of these in the human disease. A 
comprehensive review of the literature on 
experimental pancreatitis will not be under- 
taken here (see Ivy and Gibbs? for a recent 
review of the subject). 
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PHYSIOLOGY OF PANCREATIC SECRETION 
The main regulation of pancreatic secre- 
tion is accomplished by hormones formed 
by the mucosa of the upper portions of the 
small intestine.* Secretin is released in re- 
sponse to the presence of acid, amino acids, 
and digestion products of fat, in this order 
of effectiveness. It stimulates the secretion 
of water and bicarbonate, leaving the rate 
of secre ion of enzymes unaltered. Amino 
acids, soap, and acid, in this order of effec- 
tiveness, release of pancreozymin, 
which stimulates secretion of enzymes by 
the pancreas and has no effect on water and 
bicarbonate secretion. The digestive enzymes 
are secreted by the acinar cells; the water 
and bicarbonate probably come from the 
intralobular ducts, including the portion 
which extends into the acini as centroacinar 
cells. Cholinergic impulses from the vagus 
nerves stimulate mainly enzyme secretion, 


with little effect on volume of juice. They 


cause 


also cause contraction of the smooth muscle 
of the ducts. The sympathetic nerves to 
the pancreas have a weak cholinergic and 
a strong adrenergic component. The former 
produces effects like vagal stimulation; the 
latter results in constriction of small blood 
vessels. 


HISTOPATHOLOGY OF PANCREATITIS 


The essential histopathologic features of 
acute pancreatitis, both in the experimental 
animal and as it occurs spontaneously in 
man, are edema and inflammatory cellular 
infiltration of the interstitial spaces, necrosis 
and disintegration of acinar cells, intrapan- 
creatic and extrapancreatic fat necrosis, and 
hemorrhage from necrotic vessels. These 
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have been listed in order of increasing sever- 
ity of the process; all gradations may be 
seen in both the experimental and the human 
disease. Edema, inflammatory cellular infil- 
tration, and parenchymal necrosis are com- 
mon expressions of inflammatory processes 
in all organs. Fat necrosis and the peculiar 
variety of vascular necrosis with hemorrhage 
are distinctive and unique features of pan- 
creatitis. 

Fat necrosis is caused by the action of 
pancreatic lipase on the triglyceride of fat- 
storage cells. Fatty acid released by the 
enzymatic hydrolysis of neutral fat com- 
bines with calcium from blood and _ tissue 
fluid to form calcium soaps. The replacement 
of neutral fat by calcium soaps and fatty 
acid crystals and the attendant inflammatory 
reaction produce the characteristic gross 
and microscopic picture of fat necrosis. 

Hemorrhagic necrosis is produced by the 
action of the proteolytic enzymes of the 
pancreas, trypsin and chymotrypsin, on blood 
vessels. Necrosis of the vessel wall with 
rupture and hemorrhage is the sequence of 
events. Rich and Duff * demonstrated that 
subcutaneous injection of solutions of crys- 
talline trypsin or chymotrypsin would re- 
produce this vascular lesion locally just as 
it occurs in pancreatitis. 

These distinctive lesions occur when the 
concentration of the respective pancreatic 
enzymes in the interstitial spaces becomes 
sufficiently high. The lesions may be con- 
fined to the pancreas or they may involve 
contiguous structures or they may be wide- 
spread throughout the abdominal cavity when 
adequate quantities of activated enzymes 
enter the peritoneal cavity. 
PANCREATIC 


ENTRY OF ENZYMES 


INTO TISSUE SPACES 
The mode of entry of pancreatic enzymes 
into tissue spaces is not completely under- 
stood. In the normal intact pancreas some 
passage of enzymes from the acinar cells, 
where they are formed, into the blood 
occurs. Presumably this is due to a slight 
degree of “endocrine” secretion of a pre- 


dominantly exocrine product, a 


known to occur for other digestive enzymes.* 


process 


Thus, pancreatic amylase and lipase are al- 
ways normally present in blood plasma. 
There is good evidence to indicate that these 
enzymes do not enter the blood by reabsorp- 
tion from the ducts or from the intestine after 
This 


amounts of the enzymes normally leave the 


secretion. would imply that small 
end of the acinar cells opposite the gland 
lumen and traverse the interstitial spaces in 
going from acini to blood. 

In the presence of obstruction to the out- 
flow of pancreatic juice from the ducts, the 
the 


spaces and consequently into the blood is 


passage of enzymes into interstitial 


markedly accelerated. Increase in hydro- 
static pressure within the ducts would ap- 
pear to be the immediate cause of the in- 
creased passage of enzymes into the blood. 
Thus, secretin, a hormone which stimulates 
secretion of water and bicarbonate but not of 


* will, in the presence of obstruc- 


enzymes 
tion, cause a rise in serum enzymes.® Simi- 
larly, a rise in intraductal pressure produced 
by cannulation of the duct and attaching it 
to a manometer of saline will cause elevation 
of serum enzymes even when the pressure 
used is below the maximum secretory pres- 
sure of the pancreas.® In human subjects re- 
flux of contrast medium into the pancreatic 
duct from a tube in the common bile duct 
produces elevation of serum enzymes even 
when pressures no higher than 20 to 30 cm. 
of water are attained.’ Conversely, para- 
sympathomimetic agents, which stimulate en- 
zyme secretion, produce elevation of serum 
amylase in dogs only when occlusion of the 
pancreatic duct by spasm of the sphincter is 
permitted to occur. When obstruction is pre- 
vented by placing a cannula in the sphincter, 
the rise in serum amylase is prevented.* 
Thus, the evidence indicates that neither in- 
crease in volume flow of pancreatic juice nor 
stimulation of pancreatic enzyme production 
per se cause an increase in serum enzymes 
but that elevation of intraductal pressure is 
the determining factor. However, stimulation 
of flow’ in the presence of obstruction can 
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produce elevation of intraductal pressure, 
and stimulation of enzyme production in the 
presence of increased intraductal pressure 
can augment the rise in serum enzymes. 

It is sometimes hypothesized that the ele- 
vation of serum enzymes with rise in intra- 
ductual pressure is due to disruption of the 
acinar cells, allowing the pancreatic juice to 
flow in retrograde fashion between them. 
However, elevations of intraductal pressure 
too low to produce any histologic alteration 
can produce marked elevation of serum en- 
zyme levels. This would appear to be merely 
an accentuation of the normal process of 
“endocrine” secretion of enzymes. Although 
pronounced elevation of serum enzymes can 
be produced without histologic evidence of 
damage to acinar cells, the occurrence of 
local damage from enzyme action is usually 
seen only in the presence of necrosis of 
acinar cells. This suggests that the enzymes 
in interstitial fluid reach concentrations ade- 
quate to produce local damage only when 
disruption of acinar cells and spilling out of 
the contained enzymes takes place. This is 
admittedly a speculative point of view and 
has not been rigidly established by experi- 
ment. 

Fat necrosis frequently occurs without 
hemorrhagic necrosis, indicating that the 
mechanisms protective against digestion of 
tissue by the proteolytic enzymes of the pan- 
creas are more effective than those acting to 
counteract lipolysis. Lipase is secreted in the 
active form by acinar cells. Juice of low 
enzyme concentration, too weak to produce 
hemorrhagic necrosis even when the prote- 
ases are activated, will, when injected sub- 
cutaneously, produce fat necrosis.’ 


ACTIVATION OF PANCREATIC PROTEASES 


Trypsin and chymotrypsin are secreted as 
inactive precursors, trypsinogen and chymo- 
trypsinogen.® The normal process of con- 
version of trypsinogen to trypsin occurs in 
the intestinal lumen, where an enzyme se- 
creted by the intestinal mucosa, enterokinase, 
catalyzes this transformation. The process is 
also autocatalytically promoted ; that is, tryp- 
sin acts enzymatically to convert trypsinogen 
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into trypsin. The conversion of chymotryp- 
sinogen into its active form is accomplished 
enzymatically by trypsin. A small portion of 
the protease of pancreatic juice is some- 
times present in active form in the 
creatic ducts. The frequency with which this 
occurs is increased when the juice has a 
not 


pan- 


high enzyme concentration.’® It has 
been determined whether this protease is 
trypsin, chymotrypsin, or both. 

3oth the pancreatic gland and the pan- 
creatic juice contain a low-molecular-weight 
protein which is a specific inhibitor of tryp- 
sin.* The trypsin inhibitor combines stoi- 
cheiometrically with trypsin to form a tryp- 
sin-inhibitor complex which is enzymatically 
inert. Trypsin inhibitor also decreases the 
rate of transformation of trypsinogen to 
trypsin. The amount of trypsin inhibitor in 
pancreatic juice is sufficient to combine with 
only a small portion of the trypsin (after 
conversion from trypsinogen) in pancreatic 
juice. When active protease is found in 
pancreatic duct juice, it must be presumed 
either that trypsin is present in active form 
in excess of the amount of trypsin inhibitor 
or that the protease is chymotrypsin, a 
problem awaiting solution. In the intestinal 
lumen trypsin inhibitor is inactivated, pos- 
sibly by enterokinase.!* 

It is evident that mechanisms exist to 
prevent activation of pancreatic proteases 
before they reach the intestine. In hemor- 
rhagic pancreatitis these mechanisms are 
overcome and proteolytic digestion of tissues 
occurs. It is frequently stated that when 
pancreatic juice gains access to interstitial 
spaces activation of proteases can occur by 
a variety of means other than action by 
enterokinase. Thus it has been claimed that 
bile, inflammatory exudates, normal tissue 
juices, and calcium ions in the concentration 
present in interstitial tissue fluid can bring 
about activation of the proteases.’* Unfortu- 
nately, most of these statements are based 
upon qualitative experiments performed be- 
fore the era of modern quantitative enzymol- 
ogy. It is true that autoactivation of pancre- 
sncenillninianienes 
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atic proteases can occur under a variety of 
circumstances, but it has not been rigidly 
proved whether this occurs whenever pan- 
creatic juice enters tissue spaces or whether 
special factors must be present to produce or 
accelerate activation. The subcutaneous in- 
jection of pancreatic duct juice will pro- 
duce hemorrhagic necrosis if the juice is 
It has not 
been determined whether this effect is due 


high in enzyme concentration.? 


to active enzyme which might have been 
already present in the juice or to activation 
of the proteases after injection. These are 
important problems for future study. 

ENTRY OF THE 


PANCREATIC PROTEASES 


INTO BLOOD 

Under normal conditions, trypsinogen and 
chymotrypsinogen would be expected to 
the the 
amylase and lipase. The presence of these 


enter blood in same manner as 
protease precursors in blood has not been 
demonstrated. The problem is not easy to 
solve, because blood plasma contains rela- 
tively potent inhibitors of these enzymes and 
also because plasma contains other proteases 
not easily distinguishable from the pancreatic 
proteases, notably plasmin.'* In hemorrhagic 
pancreatitis the pancreatic proteases become 
activated and produce local tissue damage. 
It must be assumed that having gotten into 
the tissue spaces they then pass into the 
blood. Although, because of the protease 
inhibitors in plasma, moderate amounts of 
these proteases can be tolerated when injected 
intravenously and indeed one of them, tryp- 
sin, has been recommended for therapeutic 
use,’® larger amounts produce profound 
shock and, when the amount is sufficient, 
death.'® 

In recent years some investigators + have 
addressed themselves to the problem of the 
possible role of circulating active protease 
in the shock and death which attend severe 
pancreatitis. The evidence is neither abun- 
dant nor clear-cut. In severe experimental 
pancreatitis a rise in plasma protease activity 
(after separation from the protease inhib- 


a 


+ References 14, 17, and 18. 





itors) has been demonstrated,'* but it has 
not been proved that this is pancreatic in 
origin. The use oi purified soybean trypsin 
inhibitor in the treatment of experimental 
pancreatitis has given equivocal results.t 
In the study in which this treatment did not 
produce reduction in mortality '* much 
smaller doses were used than in the study 
in which counteraction of the hypotension 
of acute experimental pancreatitis was dem- 
onstrated.1* The changes in blood clotting 
factors found in clinical and experimental 
pancreatitis,§ although resembling those seen 
after intravenous administration of trypsin,”° 


could be due to other factors. 


METHODS FOR PRODUCING PANCREATITIS 
EXPERIMENTALLY 

The following factors have been found 
to be capable of producing some degree of 
damage to the pancreas experimentally: 
(a) obstruction of the ducts, especially when 
accompanied by stimulation of secretion; 
(b) impairment of blood supply; (c) me- 
chanical or chemical trauma, and (d) meta- 
bolic interference with the function of the 
acinar cells. 

Obstruction of Pancreatic Ducts—The 
degree and kind of damage seen in the 
pancreas after obstruction of the ducts varies 
with species of animal and degree of stim- 
ulation of the pancreas in the early period 
of obstruction. In rats *! partial or complete 
obstruction of the ducts produced edema, 
inflammation, degeneration and atrophy of 
acini, and intrapancreatic and extrapancre- 
atic fat necrosis. There was no significant 
degree of pancreatic parenchymal necrosis or 
hemorrhagic necrosis. The results were un- 
altered by the presence or absence of access 
of bile to the obstructed pancreas. Stimula- 
tion of the pancreas with food or drugs did 
ligation of 


9 


not alter the results. In cats ** 
the ducts alone produced edematous pan- 
creatitis. When stimulation of secretion by 
food or drugs accompanied obstruction, pan- 
creatitis of various degrees of severity re- 
sulted, including acinar necrosis, severe fat 

t References 14 and 17. 

§ References 18 and 19. 
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necrosis, and minimal hemorrhagic necrosis. 
In dogs ** ligation of the ducts plus stim- 
ulation by injection of secretin produced 
marked edematous pancreatitis but no fat 
or vascular necrosis. In rabbits ** ligation 
of the pancreatic duct produced relatively 
little inflammatory reaction, the major 
changes being atrophy and disappearance 
of acinar cells, dilatation of intralobular 
ducts, and interlobular fibrosis. Fat necrosis 
and hemorrhagic necrosis were not seen in 
spite of the fact that the animals had 
stimulation of pancreatic secretion from feed- 
ing. In all species prolonged obstruction of 
the ducts eventually leads to atrophy and 
disappearance of the acinar cells. When the 
disintegration of acinar cells is very rapid fat 
necrosis may occur. These findings suggest 
that the determining factor in the occurrence 
of fat and hemorrhagic necrosis is the rate at 
which the acinar cells disintegrate. When the 
breakdown of acinar cells is slow no fat and 
hemorrhagic necrosis occurs; when break- 
down is rapid these necrotic lesions may 
appear, but vascular necrosis with hemor- 
rhage occurs only with fulminating disinte- 
gration. 

The degree to which obstruction of the 
ducts pancreatitis is 
debated.|| An obvious source of obstruction, 
such as a gallstone obstructing the common 
papilla of the bile and pancreatic ducts, is 
seldom found. Rich and Duff * believed that 
metaplasia of the ductal epithelium was a 
frequent cause of obstruction in human pan- 
creatitis, but later workers have seldom com- 
mented on the presence of this lesion. Per- 
haps the most distinctive histologic evidence 


occurs in human 


for the existence of obstruction is dilatation 
and thinning of the epithelium of the intra- 
lobular ducts. These can be specifically 
stained by the alkaline phosphatase tech- 
nique.*° A study of the presence of this 
feature in necropsy and biopsy material 
from human pancreatitis should prove in- 
structive. 

The frequent history of a large meal pre- 
ceding an attack of acute pancreatitis { sug- 


|| References 1 and 2. 
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gests that stimulation of pancreatic secretion 
may, in some instances, play an important 
role in the pathogenesis of the human disease. 

Impairment of Blood Supply.—In dogs *° 
transient interference with the arterial blood 
supply to the pancreas will, when accom- 
panied by obstruction of the ducts, lead to 
massive necrosis of the parenchyma of the 
gland and the appearance of hemorrhagic 
necrosis in addition to the features already 
mentioned under the effects of obstruction. 
There is no evidence to indicate that impair- 
ment of blood supply occurs with significant 
frequency as an initiating factor in human 
pancreatitis.’ 

Mechanical and Chemical Trauma.—tThe 
most popular method for the experimental 
production of pancreatitis is one first used 
by Claude Bernard,** namely, forcible in- 
jection of bile into the pancreatic ducts. This 
leads to rupture of acini and severe, usually 
fatal, pancreatitis with extensive fat and 
hemorrhagic necrosis. It can be shown that 
both mechanical and chemical trauma play 
a role in the pathogenesis of this form of 
experimental pancreatitis. That mechanical 
trauma is involved is demonstrated by the 
fact that only mild transient inflammation of 
the gland occurs if the bile enters the pan- 
creas under physiological pressures.** That 
chemical trauma is involved is shown by 
the fact that 
rather than bile again produces only mild 


forcible injection of saline 
and transient changes.” The chemical irritant 
in bile has been shown to be the bile salts. 
Other 
alkalis, produce effects similar to those of 
bile.” 


Can pressures of the magnitude required 


chemical irritants, e. g., acids and 


to produce this experimental lesion occur 
spontaneously? The known factors which 
could contribute to rise in intraductal pres- 
sure in the pancreas are the secretory pres- 
sures of the liver and pancreas and the 
pressure which can be produced by contrac- 
tion of the gallbladder (the biliary factors 
could operate only in the presence of a 
“common channel’). None of these pressures 


is great enough to approach the pressures 





EXPERIMENTAL PANCREATITIS 

attained by forcible injection experimentally.* 
It has been suggested that the elevated 
pressures which develop during vomiting 
might contribute to the pathogenesis of 
human pancreatitis. However, under these 
circumstances there is a generalized increase 
in intra-abdominal pressure and it is doubt- 
ful whether a pressure differential sufficient 
to rupture the pancreatic ducts could be 
Further- 
that 
higher than those encountered 


produced by such a mechanism. 


8 


more, Mann and Giordano ** found 
pressures 
during vomiting were required to produce 
the experimental disease. 

The smooth muscle of the intramural por- 
tion of the pancreatic duct might be thrown 
into spasm either by extension of inflamma- 
tion from the biliary tract or by reflex 
effects even when a common channei does 
not exist. This would produce only obstruc- 
tion. 

The experimental evidence does not sup- 
port the hypothesis that hemorrhagic necrosis 
could result from simple obstruction of the 
ducts or from reflux of bile into the pan- 
creatic ducts under physiological pressures. 
The frequent association of biliary tract 
disease with pancreatitis is a well-established 
clinical fact. That this association depends 
mainly upon a reflux of bile into the pancreas 
through a common channel or upon obstruc- 
tion of the pancreatic duct is open to con- 
siderable doubt. 

Metabolic Factors.—The pancreas is one 
of the most active tissues in the body in 
regard to protein synthesis. Dietary imbal- 
ance involving protein deficiency can lead 
to abnormality of pancreatic function and 
histopathologic changes in the pancreas both 
experimentally # and clinically.*° The histo- 
logic changes consist mainly of atrophy of 
the acinar cells with varying degrees of 
fibrosis, although in the one study reported 


on dogs ** moderate degrees of fat necrosis 


were encountered. 

Recently an important new tool for the 
experimental study of pancreatic function 
and dysfunction has come into use in the 


# References 29-34. 


form of an analogue and antimetabolite of 
methionine, namely, ethionine. Feeding or 
injection of ethionine produces pancreatic 
lesions in animals.* These vary from atrophy 
of the gland to severe pancreatitis with fat 
and hemorrhagic necrosis, depending upon 
the dosage schedule of administration. Once 
again, support is given to the hypothesis that 
the rapidity of disintegration of the acinar 
cells will determine whether the “hallmark” 
lesions of fat and hemorrhagic necrosis will 
appear or whether simple atrophy results. 

Injection of a single large dose of ethio- 
nine into dogs *® produces impairment of 
pancreatic enzyme secretion without sup- 
pression of volume flow and without histo- 
logic damage. This effect is reversible by 
the simultaneous injection of an equimolar 
amount of methionine. Presumably the con- 
tinued existence of this metabolic impair- 
ment of enzyme protein synthesis eventually 
leads to degeneration of the acinar cells. 
When doses of ethionine which will eventu- 
ally produce severe necrosis of the gland 
are given daily, there is a fall in serum 
amylase during the first few days, followed 
by a transient elevation and a return to 
subnormal levels. The transient elevation 
corresponds to the period when maximal 
rate of disintegration of acinar cells is seen 
histologically. 

In the presence of ethionine pancreatitis 
the ratio of trypsin inhibitor to total prote- 
ase becomes lowered in both pancreatic tis- 
sue and pancreatic juice and the frequency 
of occurrence and concentration of active 
protease in the duct juice is increased.* 
These findings suggest that an impairment 
of the mechanism which normally prevents 
activation of pancreatic proteases before they 
reach the intestine may be involved in the 
pathogenesis of this form of pancreatitis. 
A similar tendency for the occurrence of 
increased amounts of active protease has 
been reported ** for pancreatic juice col- 
lected by duct cannulation in patients with 
acute pancreatitis. 

* References 36-41. 


+ References 39 and 40. 
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ALCOHOL 


The incidence of acute and chronic alco- 
holism in patients with pancreatitis is high.** 
The possible mechanisms by which alcohol 
ingestion might lead to pancreatitis include 
(a) stimulation of pancreatic secretion, 
(b) obstruction of the pancreatic ducts by 
inflammatory duodenitis involving the papil- 
lae of the ducts, and (c) abnormality of 
protein metabolism. 

Although earlier workers claimed that 
alcohol stimulates pancreatic secretion, more 
recent studies t have failed to confirm this. 
Aside from the stimulation secondary to that 
of gastric acid secretion, alcohol does not 
stimulate pancreatic secretion, neither by 
causing release of secretin from the intestinal 
mucosa nor by a direct action the 
pancreas. 

That gastroduodenitis frequently occurs 
in association with acute and chronic alco- 
holism is a well-known fact. Whether this 
could lead to inflammatory obstruction of 
the pancreatic ducts remains a speculative 
possibility. None of the pathologic studies on 
pancreatitis associated with alcoholism have 
made specific observations on this feature. 
It would be desirable to gather information 
on this point. 

The role of abnormal protein metabolism 
in the pancreatitis associated with alcoholism 
is also a hypothetical possibility. It has not 
been established on the basis of specific 
studies directed to this end. The clinical 
literature indicates that acute alcoholism, 
with or without chronic alcoholism, is most 
frequently associated with acute pancreatitis. 
This would speak against an effect on pro- 
tein metabolism as the major mechanism of 
pancreatic injury by alcohol. On the other 
hand, subacute and chronic pancreatic le- 
sions are frequently encountered in associa- 
tion with chronic alcoholism with or without 
cirrhosis of the liver.§ The possibility must 
be entertained that altered protein metabo- 
lism plays a role in the production of these 
subacute and chronic lesions and that they 
predispose to acute pancreatitis. 


on 


t References 44-46. 
§ References 1 and 44. 
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PANCREATIC SECRETION IN EXPERIMENTAL 
PANCREATITIS 

If the hydrostatic pressure against which 
the pancreas is secreting is gradually ele- 
vated, suppression of secretion does not 
begin to occur until pressures near the 
maximal secretory pressure are reached.*’ 
From this we may assume that in the pres- 
ence of obstruction the intraductal pressure 
will quickly rise to the maximal secretory 
pressure (30 to 40 cm. of water) and will 
remain at this level until the continued 
exposure to this pressure causes the gland to 
lose its ability to secrete. Complete obstruc- 
tion of the ducts in rabbits ** leads to rapid 
decrease in the response to secretin and 
pancreozymin. At the end of four days these 


responses are reduced to about 20% of the 


control values. A slower rate of decline then 
ensues, with enzyme response abating more 
rapidly than volume response. At the end 
of 14 days a minute volume response may be 
obtained but the juice is almost devoid of 
enzymes. 

After forcible injection of bile into the 
pancreatic ducts of dogs ** impairment of 
secretion is maximal immediately and _ in- 
volves both volume and enzyme production. 
If the damage produced is moderate, com- 
and functional recovery 


plete histologic 


occurs over a period of weeks. If severe 
damage is produced, recovery may be slow 
and incomplete or absent, in which instance 
extensive replacement fibrosis is found in 
the gland. 

In dogs with ethionine-induced pancre- 
atitis || 
at the time when serum enzyme levels show 


impairment of secretion is maximal 


a transient rise and histologic changes are 
maximal. Enzyme secretion is depressed to 
a somewhat greater extent than is the volume 
of juice. If damage has not been severe, 
complete recovery of secretory function may 
occur when administration of ethionine is 
discontinued. 

It is seen that all types of experimental 
pancreatitis produce impairment of pancre- 
atic secretion with a tendency for greate. 
suppression of enzyme production than of 


llcierenmnsnennne 


|| References 39-41. 
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volume of juice. To some extent the de- 
creased functional capacity of the injured 
pancreas can be looked upon as a protective 


mechanism, tending to limit further damage. 


AN OUTLINE OF FACTORS CONTRIBUTING 
TO NECROSIS 


The digestive enzymes of the pancreas are 


formed in the zymogen, or acinar, cells of 


the gland and, under normal circumstances, 
are discharged mainly into the lumen of the 
ducts and conducted to the intestine. Small 
amounts of enzymes also enter the interstitial 
fluid and thus gain access to the lymph and 
blood. When larger amounts of enzymes are 
present in the interstitial fluid, they may 
produce necrosis of tissue. Some of the fac- 
tors which may operate to determine whether 
necrosis will occur are the following: 
A. Factors influencing the entry of 
zymes into the interstitial spaces 
(a) Increased intraductal pressure 
(b) Disintegration of acinar cells with 
discharge of the contained enzymes 
Factors influencing necrotic potency of 
juice 
(a) Amount of juice entering inter- 
stitial spaces 
(b) Concentration of enzymes in juice 
(c) State of activation of proteases in 
juice 
Factors influencing the resistance of 
tissues to the necrotic action of pancre- 
atic juice 
(a) Blood supply 
(b) Damage to tissue by trauma, 
chemical agents, or metabolic de- 


rangements. 


SUMMARY AND CONCLUSIONS 


Experimental studies in animals have 
demonstrated that the distinctive 
pathologic lesions of pancreatitis are due to 
the action of pancreatic enzymes which have 
gained access to the tissue spaces of the 
pancreas and to the peritoneal cavity, have 
become activated, and have digested tissues. 
Experimentally this sequence of events can 


histo- 


be initiated by several factors acting in con- 
cert, including obstruction of the pancreatic 
ducts, stimulation of pancreatic secretion 
by drugs or food, and interference with the 
blood flow to the gland. A combination of 
mechanical and chemical trauma, forcible 
injection of chemical irritants into the pan- 
duct, also fulminating 


creatic produces 


pancreatitis. The picture of hemorrhagic 
pancreatic necrosis can also be induced ex- 
perimentally by administration of the amino 
acid ethionine, an analogue and antimetab- 
olite of methionine, which causes necrosis 
and disintegration of the zymogenic cells 
of the pancreatic acini. 

After consideration of the possible role of 
these factors in the human disease it is con- 
cluded that, although some of them can be 
shown to be present in some cases, in most 
instances it is not possible to reconstruct the 
process on the basis of the experimentally 


studied factors. 
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ABSTRACT OF DISCUSSION 
A. Roru, Philadelphia: We are 


indebted to Dr. Grossman for this very lucid review 


Dr. JAMEs L. 


of the physiology of the pancreas as applied to pan 
creatitis. 
of the predominantly exocrine pancreatic enzymes 


The concept of an “endocrine” secretion 


provides us with an understanding of (1) the pres- 
ence of amylase and lipase normally in the serum 
and (2) the elevation of these serum enzymes in the 
presence of obstruction to the egress of pancreatic 
juice from the duct, particularly with concomitant 
stimulation of pancreatic secretion. 

The demonstration of the presence of a small 
amount of active protease in pancreatic juice within 
the duct enables us to explain the proteolytic diges- 
tion of hemorrhagic necrosis. Both (active protease 
and necrosis) are apparently seen more frequently 
when pancreatic juice has a high enzyme concentra- 
tion, which is more apt to occur after a large meal, 
with or without the added stimulus of increased 
gastric acid (secretin) provoked by alcoholic indul- 
gence. Thus, the occurrence of acute pancreatitis 
following an especially large meal, which stimulates 
vagal, secretin, and pancreozymin mechanisms, im- 
plicates the volume rate of pancreatic secretion in 
the pathogenesis. 

The variation in results of ligation of the pan- 
creatic duct in different animal species again sug- 
gests caution in the unqualified application of such 
experiments to man. Although the experimental 
pathologic lesions appear identical to those encoun- 
tered in man, such evidence does not constitute proof 
that they are related pathogenically. 

Obstruction to the outflow of pancreatic juice ap- 
pears to be a common denominator in the methods 


for experimental production of pancreatitis, except 
in metabolic or ethionine-induced pancreatitis. Such 
common channel” theory, 


“ 


evidence has fostered the 
whether that obstruction be due to stone, spasm, or 
edema. Spasm of the sphincter of Oddi and/or the 
duodenal musculature can produce pressures of 60 
to 70 cm., which may well exceed the secretory of 
pressure of the pancreas and force bile into the pan- 
creatic duct via a channel.” Bile salts 
may thus gain access, damage cellular membrane, 
However, 


“common 


and cause disintegration of acinar cells. 
reflux of bile is not an absolute essential, and ob- 
struction may occur to the pancreatic duct alone 
as the result of pancreatic calculus or calcinosis, duo- 
denal spasm with compression of the intramural 
portion of the pancreatic duct, and edema or spasm 
of the pancreatic duct alone. 

The experimental production of pancreatitis with 
a protein-deficient diet, or ethionine-induced defi- 
ciency of methionine, provides a new approach to the 
pathogenesis. It suggests an understanding of the 
pancreatic fibrosis and resultant pancreatic insuffi- 
with malnutrition of 


alcoholism, 


ciency seen in association 
kwashiorkor, chronic 
holic type of cirrhosis of the liver, and as a secon- 


“sprue” and 


nutritional-alco- 


dary feature in the malnutrition of 
ulcerative colitis. If the alcoholic type of pancrea- 
titis in man is due to an associated chronic protein 
deficiency similar to that induced by ethionine, some 
additional factor would have to be postulated to 
account for the abruptness in onset of the disease as 
The changes produced in 
over a 


encountered clinically. 
experimental animals 
period of one to several weeks. 


develop gradually 


An understanding of the pathogenesis of acute 
pancreatitis is essential to and determines the ra- 
tionale of therapeutic measures. Thus, if we believe 
in the “common channel” mechanism we might an- 
ticipate success in preventing recurrent attacks of 
pancreatitis, when it is associated with biliary tract 
disease, following cholecystectomy and/or sphinc- 
terotomy. However, such a common communica- 
tion need not be implicated in the alcoholic type of 
pancreatitis, and these surgical procedures would 
not be expected to yield as good results. Perhaps 
the speakers to follow will shed some additional 
light on this aspect. Clinical experience has certainly 
indicated the necessity of total abstinence from alco- 
hol in the prevention of recurrent attacks. of acute 


pancreatitis apparently due to the imbibition of 


alcohol. 

A question which has always puzzled me is “Why 
do we encounter acute pancreatitis so relatively 
infrequently, when acute overindulgence in alcohol 
is so relatively common?” I suspect that this is the 
basis for considerable rationalization and comfort on 
the part of most of us at one weak moment or 
another. 
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NAMATH 


This report is based on a study of 78 pa- 
tients admitted to the Graduate Hospital with 
the diagnosis of primary acute pancreatitis 
or recurrent acute pancreatitis. Since several 
patients were admitted more than one time, 
there are a total of 94 separate admissions 
between 1941 and 1954. Unfortunately, not 
all patients with this diagnosis during these 
years couid be used, because of inadequate ob- 
jective data in some of the charts of patients 
seen in the earlier years. The incidence of 
acute pancreatitis has been increasing pro- 
gressively in recent years, with 50% of the 
patients herein reported being admitted dur- 
ing the years 1952-1954. In part, this may be 
the result of a greater awareness of the dis- 
ease and the more frequent employment of 
the serum pancreatic enzyme determinations. 

The purpose of this study was to evaluate 
the cumulative clinical experience with acute 
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pancreatitis. Consideration has been given 
to a critical appraisal of etiologic factors, 
significant clinical manifestations and labora- 
tory findings, pancreatic serum enzyme be- 
havior correlated with clinical and other 
laboratory data, the assistance provided by 
x-ray studies, the difficulty in establishing a 
clinicopathological correlation (necrosis ver- 


The 


late manifestations of recurrent pancreatitis 


sus edema), and the results of therapy. 


and of pancreatic insufficiency will not be 
considered here. 
ETIOLOGY 
Regardless of the precise mechanism in- 
volved, it is generally admitted that acute 
nontraumatic pancreatitis occurs most fre- 


quently in association with biliary tract dis- 


ease or excessive imbibance of alcohol.’ 
3iliary tract disease associated with pan- 
creatitis was present in 36 patients (39 ad- 
missions ), while 31 patients (41 admissions ) 
gave a history of significant alcoholic intake 
(Table 1). In eight of the patients in the 
alcohol group there was no history of alcohol 
having been ingested immediately prior to the 
attack, while in seven patients there was no 
The 


definite history of chronic alcoholism. 


TABLE 1.—Etiology 


Patients, 
No. Admissions 

Aleohol* Q 41 
Biliary tract disease 3 39 
Surgical trauma 
Allergy 
Probably alcohol 
Probably biliary tract disease... 
Unknown 


*One patient in the aleoho] group had a ecaleulus in the 
main pancreatic duct. 


SR St rs: 


7 





ACUTE INFLAMMATION OF PANCREAS 
diagnosis of biliary tract disease was based 

on surgical findings in 23 cases and on x-ray 

studies in 13. A certain number of patients 
unquestionably had acute cholecystitis, and in 
others there was no reasonable doubt con- 
cerning the concomitant presence of biliary 
colic without acute cholecystitis. In most 
cases the elective operation for concomitant 
biliary tract disease was so delayed that it 
was not possible to decide in what pro- 
portion of patients acute severe cholecys- 
titis occurred simultaneously with the acute 
inflammation of the pancreas. It is of some 
interest that 9 of 23 patients who eventually 
had elective biliary tract surgery had chole- 
dochal pathology (Table 2). This is a higher 
incidence than we find in surgery for chole- 
lithiasis without pancreatic disease. Two 
patients in the alcohol group had cholelithi- 
asis, but in these patients the pancreatitis was 
considered to be more closely related to alco- 
hol ingestion. One of the patients included in 
the alcohol group had a stone in the main 
pancreatic duct. This was removed, but post- 
operative pancreatitis recurred and diffuse 
calcinosis developed. One or the other of 
these two factors, i. e., excessive imbibance of 
alcohol or biliary tract disease, was noted in 
86% of patients with acute pancreatitis. In 


two additional patients there was nonvisuali- 


zation of the gall bladder on one examination, 
done within two weeks of the acute episode. 
Two ethers were suspected of being alcoholic, 
but the history was inconclusive. If these are 
included, then biliary tract disease or over- 
indulgence in alcohol were probably con- 
cerned with the occurrence of pancreatitis in 
91% of the entire group. 

TasLE 2.—Diagnosis of Biliary Tract Disease in 
Thirty-Six Patients 


Cases, No. 
Surgical diagnosis 
A. Cholelithiasis without common-duct 
involvement 
B. Cholelithiasis with common-duct in- 
volvement 
(1) Stones 
(2) Dilated without stones 
(3) Thiekened 
TSU CEE bv i na8ss scetesasssceesss q 
A. Cholelithiasis 
B. Nonfunctioning gall bladder 


Three patients experienced acute pancre- 
atitis immediately after abdominal laparot- 
omy. In two of these a subtotal gastric 
resection had been done for duodenal ulcer. 
In each instance the ulcer was adherent to 
the pancreas and an attempt had been made 
to resect the ulcer. In the other instance of 
postoperative pancreatitis, an attempt had 
been made to remove a peri-Vaterian duo- 
denal diverticulum, embedded in the head of 
the pancreas. One instance of recurrent acute 
pancreatitis was believed to be on an allergic 
basis. In one patient, who was not included 
in this series because of incomplete records, 
acute pancreatitis was the initial symptom of 
carcinoma of the pancreas. In the remaining 
three patients, no definite etiologic factor was 
established. 


ADMISSION DIAGNOSIS 


A review of these cases confirms our pre- 
vious impression that it is rarely possible to 
make a definite diagnosis of acute pancrea- 
Almost 
all experienced clinicians admit that acute 


titis solely by bed-side examination. 


pancreatitis follows no consistent symptom 
pattern, that it masquerades in many different 
guises. It is not our purpose in this presenta- 
tion to review the salient clinical configura- 
tions encountered.” 

The admission diagnoses were correct in 
54 cases (57%) and incorrect in 40 cases 
(43%). 
taken for acute pancreatitis was biliary tract 


The disease most commonly mis- 


disease, including acute cholecystitis, chole- 
lithiasis, or choledocholithiasis. The majority 
of patients in which these diagnoses were 
made did have biliary tract disease as well as 
pancreatitis, although in several instances 
(3 of 18) the biliary tract was normal and 
the only lesion was acute pancreatitis. Other 
common erroneous diagnoses were perforated 
viscus and intestinal obstruction. In those 
“intestinal the 
predominant clinical finding was distention, 


cases labeled obstruction,” 
and the films of the abdomen were consistent 
with this diagnosis. Four alcoholic patients 
were seen in the emergency ward with nau- 
sea, vomiting, diarrhea, and abdominal pain. 
Secause of the strong alcoholic history, the 
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diagnosis of alcoholic gastritis or gastroen- 
teritis was made. Routine serum enzyme 
studies, however, were elevated. There were 
five patients in whom the initial diagnosis 
was “pelvic disease,” including pelvic inflam- 
matory disease, ruptured tubo-ovarian ab- 
scess, and ectopic pregnancy. In all of these 
patients, the predominant site of pain was 
the left middle and lower abdomen. Two 
patients were admitted with a diagnosis of 
acute myocardial infarction. However, one 
patient died 36 hours after admission and 
necropsy showed no evidence of acute myo- 
cardial disease. One patient was explored 
with the diagnosis of acute appendicitis, and 
the appendix was normal. Subsequent nec- 
ropsy disclosed an acute hemorrhagic pan- 
creatitis (Table 3). 

Diagnoses 


TABLE 3.—Admission 








Diagnosis 
Correct (acute pancreatitis).............. 
Incorrect 
(a) Acute cholecystitis ................ 
(b) Perforated viseus 
(c) Intestinal obstruction 
Acute gastroenteritis 
EEE GED kvcnscderasusecccecse 
Acute coronary occlusion 
Acute appendicitis 


CLINICAL ASPECTS 


For purposes of discussion of the clinical 
features presented by these patients, we have 
continued to segregate the cases into the two 
main groups based on etiology, i. e., into al- 
cohol and biliary tract groups. We hope to 
be able to determine whether or not a differ- 
ence exists in the clinical and pathological 
behavior of acute pancreatitis in these two 
groups of patients. 

Age.—The youngest patient was 19; the 
oldest was 87 years of age. A difference was 
noted between the alcohol and the biliary 
tract disease groups. The average age of the 
former was 40, and that of the latter was 
50 years. Over 80% of the alcohol group 
were 50 years of age or less, while the ages 
of the biliary tract group were fairly equally 
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TABLE 4.—Sex Distribution 


Female 
_ tad 

Admis- 

Patients sions Patients 
Sn Oe OOO 
No. % No. % No. % 
Biliary tract 16 36 20 7 20 
Aleoholic 21 48 10 
Miscellaneous 7 16 


— — —_—, 
Admis- 

sions 
ie oes 
No. & 
58 
30 
12 


of 


ll 31 
4 12 4 
35 


Total 44 34 


distributed through the third to the seventh 
and eighth decades. 

Sex.—This disease was seen slightly more 
Forty-four males had a 
total of 59 admissions for pancreatitis, while 
there were 35 admissions in 34 females. Alco- 


holism was the major etiologic factor in 


frequently in males. 


males, whereas the majority of the females 
had concomitant biliary tract disease (Ta- 
ble 4). 

Race.—Thirty patients with a total of 39 
admissions were Negroes, and 55 admissions 
in 48 patients occurred in Caucasians. Con- 
sidering the ratio of Negro to white admis- 
sions to the wards of the Graduate Hespital, 
this does not represent a racial predisposition 
or increased incidence of acute pancreatitis 
among Negroes. Acute or chronic alcoholism 
was three times as frequent as biliary tract 
disease in Negroes. In Caucasians, biliary 
tract disease was encountered twice as fre- 
quently as alcoholism. Concomitant biliary 
tract disease was seen in only 12% of Negro 
males. Alcoholism was a factor in only 5% 
of white females (Table 5). 

Previous E pisodes.—In 21% of the admis- 
sions a history of proved prior episodes of 
pancreatitis was available either in previous 
records in our hospital or in other hospitals. 
Prior episodes of pancreatitis were more fre- 


TABLE 5.—Race 





White 





Negro 
Admis- 
sions 


era tailed 
Admis- 
sions Patients 
—_——.. 
No. % 
Biliary tract 30 «63 
Aleoholie .... 27 2 f | ie 
Miscellaneous 14 


Patients 


48 
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TABLE 6.—Previous Episodes of Pain 








Miscel- 
laneous 


Biliary 
Tract 
aegis, 
Ad- 
mis- 
sions 


Aleoholie 

_— 
Ad- 
mis- 

% sions % 

11 27 29 

| ree 44 42 

PFOVEG.0sc0c0. 2 ; 29 


Ad- 
mis- 
sions 


quent in the alcohol group (29%) than in 
the biliary tract disease group (7%). 
creatitis recurred in two patients after chole- 
cystostomy and in one after cholecystectomy. 
Many additional patients (55% of all ad- 
missions) gave a history of having had pain 


Pan- 


attacks previously, which were quite similar 
acute pancreatitis. 
pain attacks were 
of lesser intensity 


to the recent episode of 
However, the antecedent 
often described as being 
and of shorter duration. It is possible that 
many of these episodes, occurring in the 
biliary tract group, were 
biliary colic rather than 
pancreatitis (Table 6). 


merely attacks of 
episodes of acute 


Pain.—Pain was a major symptom in 
98% of patient admissions. In the other two 
patients, the acute episode of pancreatitis 
occurred immediately after an abdominal 
operation. In these patients it was not pos- 
sible to evaluate the significance of pain, be- 
cause of the usual postoperative discomfort. 
Furthermore, the patients were receiving 
meperidine (Demerol) and sedatives. The 
objective signs in the postoperative cases 
which alerted the physician to the possibility 
of a complication were fever, a fall in blood 
pressure, and abdominal distention. In 78% 


TaBLeE 7.—Primary Site of Pain in Ninety-Two 
Attacks of Pancreatitis 








Miscel- 
laneous 
Group 


Biliary 
Tract 
Group 


Aleohol 
Group 
“—— ee ee 
% No. % No. % No. 
None a ae 2 kh 2 
ey ae 56 54 43 
Upper abdominal.... 


Total 


14 
21 


35 


of patients with an adequate history the 
onset of pain was sudden, while in 22% it 
was of gradual onset. The character of the 
pain was constant, with little fluctuation of 
intensity, in 59%, and it was described as 
being colicky or somewhat intermittent in 
41% of patients with pain. 

The initial location, in the majority of 
instances, was in the epigastrium, but other 
locations were not unusual (Table 7). One- 
third of the patients with concomitant biliary 
tract disease described the initial pain as 
being in the right upper abdominal quadrant, 
whereas left upper abdominal pain was not 
unusual in the alcohol group. Some radiation 


of the initial pain was present in 78% of 


TABLE 8.—Distribution of Pain Experienced as 


Radiation from Initial Site 


Biliary Miscel- 
Aleohol Tract laneous 
Group Group Group 
a iY gee 
No. % No. % No. % 
8 20 25 5 

10 16 

10 


Total 
No. % 


42 23 25 


<0 


11 


_ 
= 


5 
2 
4 
1 
2 
3 


+ 


Diffuse abdominal 
pain 


Total 


patients. The commonest site of radiation 


was to the back (Table 8). 
PHYSICAL EXAMINATION 

Temperature —The median temperature of 
all admissions was 100.5 F, although in 20% 
of patients the temperature was normal. 
Temperatures above 102 F were relatively 
infrequent. 

Shock.—Signs and symptoms of shock 
were present in six patients. Only those 
patients who presented unequivocal mani- 
festations, including a low systolic and dias- 
tolic pressure, were considered to be in shock. 
A persistent lowering of the blood pressure 
to shock levels was a bad prognostic sign, 
being followed by death in two instances. 
One patient with biliary tract disease and 
chronic alcoholism was first seen three weeks 
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after the onset of pain. He was moribund 
and died about 30 hours after admission. 
Necropsy showed a diffuse hemorrhagic 
pancreatitis. In two additional instances, a 
persistent fall in blood pressure in the im- 
mediate postoperative period was the major 
sign of acute pancreatitis. In one of these, 
necropsy also showed diffuse hemorrhagic 
pancreatitis. The remaining three patients 
with manifest shock were in the alcohol 
group. 

Icterus.—Visible icterus was seen in 20 
patients of the group with biliary tract dis- 
“ase and in 1 patient of the alcohol group 
(this latter patient had a serum bilirubin 
level of only 1.5 mg. per 100 cc.). 

Chest Findings—Abnormal physical find- 
ings in the lungs were described in 30% of 
the admissions. The commonest finding was 
the presence of rales. In a few instances 
rhonchi or tubular breath sounds were heard 
or there were no breath sounds. One patient 
had a definite friction rub in the right base 
posteriorly. In the alcohol group these signs 
were predominantly on the left side, while 
in the biliary tract disease group the right 
chest was more frequently involved. 

Abdominal Findings——One or more ab- 
normal physical findings were noted at the 
time of initial examination of the abdomen 
in 92% of patient admissions. The com- 
monest finding was tenderness at the site 
of severest pain. Rebound tenderness and 
muscle guarding were less frequently en- 
220f 


mais /O 


countered. Distention was present in 


9.—Abdominal Findings in Ninety-Two 


Attacks of Acute Pancreatitis 


TABLE 





Biliary Miscel- 


Aleohol Tract laneous 

Group Group Group 

vy ID 

No. No. % No. % 

Direct tenderness.... 36 36 92 10 70 

Rebound tenderness. 8 ll 28 14 

Muscle guarding..... 14 41 42 

Distention 15 42 
Peristalsis 


Total 


No. % 
82 87 
21 
32 
21 


63 

6 

6 

Decreased 19 
Masses 


ee eer . 
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of the attacks. In the majority of patients, 
peristalsis was normal. In 16% of them it 
was decreased or absent, while in 6% the 
observers felt that peristalsis was increased. 
In some instances in which definite abdominal 
distention peristalsis was 
thought to be normal. A mass was thought 
to be palpable in 12 patients (Table 9). 


Thrombophlebitis of the leg veins was 


was recorded, 


seen in three patients. One of these probably 
had a pulmonary infarct. Another patient was 
thought to have multiple small pulmonary 
infarcts. 

LABORATORY FINDINGS 

Leucocyte Count.—The white cell counts 
ranged from 5,000 to 30,000 cells per cubic 
millimeter. It is of interest that in 60% of 
patients in the alcohol group the leucocyte 
count was 10,000 cells per cubic millimeter 
or less. In acute pancreatitis due to other 
causes, the: range of leucocyte counts was 
fairly evenly distributed between 5,000 and 
20,000 cells per cubic millimeter. 

Serum Bilirubin Concentration.—These 
values were available in 82% of cases. In the 
alcohol group 75% 
per 100 cc. or less and the other 25% ranged 
from 1.0 to 1.5 mg. per 100 cc. None were 


of the values were 1 mg. 


above 1.5 mg. per 100 cc. The concentration 
of serum bilirubin in the biliary tract disease 
group ranged from 0.2 to 10 mg. per 100 cc. 
Thirty per cent had 1 mg. or less; in 

the concentration was between 1.0 and 1. 


Cc 


mg. per 100 cc., while the remaining 55% 
had levels between 1.5 and 10.0 mg. per 
100 cc. A common-duct stone was present 
in two of these, and a thickened common 
duct without stones, in another. 


Serum Alkaline Phosphatase Values.— 
These data were available for 43 patients. 
Increased concentrations were recorded in 
one patient in the alcohol group and in four 
patients in the biliary tract group. The pa- 
tient in the alcohol group also had cirrhosis, 
but the serum bilirubin concentration was 
normal. The four patients in the biliary tract 
group with hyperphosphatasemia also had 
elevated bilirubin levels. Two patients had 
cholecystolithiasis ; one had a common-duct 


stone, and the common duct was found thick- 
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ened but without a stone present at the time 
of exploration in the remaining patient. 
Liver-Function Tests ——Adequate studies 
of liver function were available in 64% of 
cases. Liver function was considered impaired 
if one or more of the following were present : 
positive cephalin-cholesterol flocculation and 
thymol-turbidity tests, persistent sulfobromo- 
phthalein ( Bromosulfalein) retention, rever- 
sal of the A/G ratio, or persistently low pro- 
thrombin concentrations. Excessive  sulfo- 
bromophthalein retention subsiding within 
two weeks of admission was not considered 
indicative of chronic liver damage. In 14 
cases an abnormal retention was seen early 
after the acute attack, and normal clearance 
TABLE 10.—Serum Bilirubin Values in Patients 
with Abnormal Retention of Sulfobromophthalein 
in Whom Clearance Subsequently Became 
Normal 


Cases, No. 
| Biliary traet disease 
Serum bilirubin >3.0 mg 


Serum bilirubin 1.5 mg 


\leohol 


Serum bilirubin =1.0 mg 


Serum bilirubin 1.5 mg 


of sulfobromophthalein was obtained when 
the test was repeated later. This phenomenon 
was observed in a number of patients who 
were not jaundiced (Table 10). It may be 
that the mechanism responsible for sulfo- 
bromophthalein retention soon after the acute 
attack may 
nonvisualization of the gall bladder with oral 


account for some instances of 
dye which has been noted to occur at times 
shortly after an episode of acute pancreatitis. 

If we use the above criteria for liver dam- 
age and exclude those cases with transient 
sulfobromophthalein retention, 20% of the 
alcohol group and 4% of the biliary tract 
group had evidence of impaired liver func- 
tion. 

Serum Calcium Concentrations —These 
determinations were available in 64 admis- 
sions. Normal values (9 to 11 mg. per 
100 ce.) on one or more determinations were 
found in 50 cases. However, only 16 of these 
had adequate serial serum studies. There 
were 14 patients who had low serum calcium 


Calcium Determinations in Sixty-Four 
Patients 


TABLE 11. 


Patients, No 
Normal values 
(a) Only 1 determination before 3 
after 7th 
(b) Serial determinations 


\bnormal values 
7.0-8.0 mg. . 


8.0-9.0 mg. .. 


Correlation of pathology with low serum calcium 
(a) No pathology available 

(b) Neerosis 

(ce) Edema (ealeium 8.2 and 8.8 mg.)....... 


1 patient had Serum calcium was 7.2 mg. 


100 ee, 


tetany. 


levels (Table 11). One patient with a serum 
calcium of 7.2 mg. per 100 cc. had tetany. 
\ pathologic diagnosis was available in six 
cases with hypocalcemia. Four had necrotiz- 
ing pancreatitis, and two supposedly had pan- 
creatic edema. 

Blood Glucose Determinations.—Disturb- 
ance in glucose metabolism was seen in 25 
patients, 1 of whom had diabetes prior to 
the onset of pancreatitis. The commonest 
disturbance was a mild transient hypergly- 
cemia (Table 12). It is likely that at least 
four patients developed permanent diabetes. 

Serum Amylase—Serum amylase deter- 
minations were available in 93% of cases. 
This determination was done on admission 
in the overwhelming majority of patients. 
However, in a few instances it was not de- 
48 


four cases 


termined until hours after admission, 


and in enzyme determinations 
were not obtained until after an exploratory 
laparotomy. Usually the initial serum amylase 
showed the maximum elevation; however, 
in certain instances the amylase values fluc- 
tuated markedly and the maximum elevation 


occurred at a later time. 


TABLE 12.—Disturbance of Glucose Metabolism 


Patients, No. 

Normal blood glucose* 57 
Diabetes prior to attack 1 
Transient hyperglycemia 7 
Diabetest 4 
3 


*1 or more determinations. 
+ Hyperglycemia persistent two weeks or more. 
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A normal serum amylase was persistently 
present in 11% of patients. Most of these 
were admitted several days after the onset 
of symptoms. Since the amylase concentra- 
tion tends to return to normal fairly rapidly 
after the initial elevation, the determination 
may have been done too late to pick up the 
elevation. Nine of the patients with normal 
amylase values had an increased concentra- 
tion of lipase. In two patients, however, who 
subsequently went to necropsy, both the 
serum amylase and lipase were normal shortly 
before death. In both patients, a severe 
hemorrhagic pancreatitis was the cause of 
death. 

In 42% of cases, the serum amylase ele- 
vation was less than five times our average 
top normal values (500 mg. per 100 cc. or 
less), while in 47% the concentration of 
amylase was more than five times the high 
normal figure. This breakdown is given be- 
cause we have found that concentrations of 
amylase above five times top normal values 
almost always indicate a diagnosis of acute 
primary pancreatitis (excluding parotitis, 
uremia, and prior opiate injection).* In- 
creased amylase values falling below this 
range may be found in other acute abdominal 
conditions and in uremia.® 

There was no close correlation between the 
severity of the clinical signs of toxicity and 
the serum amylase value. A number of pa- 
tients who had a marked rise in temperature 
or striking leucocytosis showed a minimal 
elevation in serum amylase. However, all 
patients with a serum amylase elevation to 
900 mg. per 100 cc. or higher did have a 
temperature of 101 F or higher and/or 
a white cell count of 15,000 or more. 

Usually the serum amylase concentration 
returned to normal values within a few days 
after medical therapy was instituted. This 
occurred regardless of the height of the 
initial amylase elevation. High amylase values 
persisted longer in the alcohol group than in 
the biliary tract group. Twenty-four patients 
had hyperamylasemia for 10 days or longer 
after medical therapy was begun (Table 13). 


* References 3-5. 
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13.—Analysis of Persistent Elevation of 


Serum Amylase and Lipase 


TABLE 


Maxi- 
mum 
Amylase, Lipase, 
Case Mg./100 Ce./100 
No Etiology Ce, Ce 


Maxi- 


mum Duration 


of Ele- 
vation, 
Days 
Il. Recurrent acute pancreatitis 
23 Unknown 300 1.5 10 
Alcohol 400 6.0 17" 
Aleohol 800 10.0 20¢ 
Alcohol 400 5.0 2» 
Aleohol 200 4.0 10t 
34A Alcohol 700 9.0 15t 
72 Aleohol 300 3.0 Ot 
Pancreatic fibrosis or persistent edema 
53 Biliary tract 300 
disease 
Biliary tract 
disease 
37 Biliary tract 
disease 
33 Biliary tract 
disease 
Pancreatic cyst 
60 Biliary tract 
63 Aleohol 
76 Aleohol 
78 Biliary tract 
Pancreatie fistula 
40 After gastric 
resection 
Abseess 
34 Unknown 
No known complications 
35 Unknown 
46 Aleohol 
Aleohol 
Aleohol 
Aleohol 
Aleohol 
Biliary tract 


Surgery 

+ Discharged 

No apparent cause for the persistence of 
the elevated amylase value could be found 
in 29% of patients. An equal number (29% ) 
had had previous recurrent episodes of acute 
pancreatitis. Seventeen per cent of the group 
with prolonged hyperamylasemia had pan- 
creatic fibrosis or persistent edema of the 
pancreas at 17% had 
pseudocysts of the pancreas. Other causes 


laparotomy, and 


of prolonged elevation of amylase values 
were pancreatic fistula (one case) and a 


pancreatic abscess (one case). Thus, in 71% 


of cases with a persistent elevation of serum 
amylase a complication was proved. 

Serum Lipase Values—rThese determina- 
tions were available in 88% of cases. The 
lipase figures were normal in 13 patients 
(16%). Serum amylase values were elevated 
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in 11 of the patients whose lipase levels were 
normal. In 57% of those with lipase deter- 
minations, the lipase was less than five times 
the average top normal (5 cc. or less), while 
in 27% it was greater than five times top 
normal value. Thus, the serum lipase tended 
to be relatively lower than the amylase con- 
centrations which were five times top normal 
or greater in 47% of cases. However, the 
serum lipase values did not show as much 
fluctuation as the serum amylase figures. 
Electrocardiograms. — Electrocardiograms 
were available in 51 patients. Of these, 11 
were interpreted as being normal; 36 had 
evidence of 


some myocardial abnormality 


and/or an electrolyte imbalance. In four 
patients an acute myocardial infarction could 
not be ruled out in the initial electrocardio- 
gram. Seria! tracings were subsequently nor- 
mal in two of these patients, while one of 
them had a myocardial infarct and another 
patient very probably had a concomitant 
infarct. Abnormal electrocardiographic trac- 
ings suggestive of myocardial abnormalities 
have been reported previously many times. 

In previous publications we have discussed 
the difficulties in differential diagnosis due 
to 
should be emphasized that the serum pan- 


electrocardiographic abnormalities.* — It 
creatic enzyme tests provide greater assis- 
tance than electrocardiographic tracings in 
the differential diagnosis of myocardial in- 
farction and acute pancreatitis. 


X-RAY FEATURES 


Survey Films of the Abdomen.—These 


were available in 50 admissions. Pneumo- 
peritoneum was not encountered. On the 
original reports, pancreatitis was mentioned 
as a possibility in the differential diagnosis 
in only 14% (Table 14). For the purpose 
of this report, these films were reviewed 
again, and particular attention was given to 
the amount and distribution of air in the 
intestinal tract. 

The following criteria were regarded as 
evidence of localized ileus secondary to peri- 
toneal irritation: (1) the presence of air in 


a 


+ References 7-9. 


TABLE 14.—Evaluation of Abdominal Flat Films 


A. Original diagnosis Cases No. 
Normal 

Pancreatitis (possible) 

Mechanical obstruction or ileus 


MIS cons Restrnt swatd saw cvegarenensne 


Review diagnoses 

Normal 

Consistent with 

Mechanical obstruction or ileus or 
pancreatitis 


pancreatitis 


Total 
Abnormal films 
Biliary tract group.. 
Aleohol group 
Miscellaneous group 


Total 


Comparison with flat films of normal persons 


?20 


Normals 
92 


Pancreatitis 


a few small-bowel loops which were adjacent 
to each other and the absence of significant 
air in other small intestinal loops, (2) small 
amounts of air in either the stomach and/or 
colon (regarded as corroborative evidence), 
(3) caliber of the air-filled loops at least 2.5 
to 3 cm., (4) a stiffened appearance of the 
gas-filled loops and the space between the 
adjacent loops wider than normal. 

If the above signs of localized ileus were 
present in the upper abdomen, either in the 
midline or left side, pancreatitis was sug- 
gested. Changes in the duodenum, when pres- 
ent, added further confirmation. Localized 
ileus must be distinguished from aerophagia. 
In the latter, the air is distributed uniformly 
throughout the entire gastrointestinal tract 
or it is scattered in the stomach, multiple 
small-bowel loops, and several portions of 
the colon. The small-bowel loops are not 
dilated. 

In reviewing the abdominal films of the 
»? 


cases of pancreatitis, normal films were 
added. The roentgenologist (G. S.) read the 
complete series without knowing the names 


or histories. In only 2 


of the 22 normal films 
(9%) did he feel that pancreatitis was sug- 
gested (Table 14). Twenty-three of the ab- 
dominal films of the cases of pancreatitis were 
interpreted as being normal, while twenty- 
three showed localized ileus suggestive of 
pancreatitis, and in four mechanical obstruc- 
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TaBLe 15.—Chest X-Rays (Thirty Cases) 
Cases, No. 

General findings 

Within normal limits.................00-000. 

Bilateral abnormalities 

Right side abnormalities 

Left side abnormalities 

Specific findings 

Elevation of diaphragm 

Pneumonitis or atelectasis.................. 

Fluid . 


tion or generalized ileus was suggested. It 
is of some interest that positive findings were 
more frequent in the alcohol than in the 
biliary tract group of patients. 

Chest X-Rays —Early films of the chest 
were available for review in 30 cases. Sixteen 
showed some pathology, including elevation 
of the diaphragm, pneumonitis, linear atelec- 
tasis, or hydrothorax (Table 15). 

Barium-Meal Studies —Barium studies of 
the stomach and duodenum performed be- 
tween 6 and 31 days after the acute attack 
were available in 29 cases. Coarsening of the 
gastric and duodenal mucosa was common. 
There was some suggestion of a mass in 14 
cases. The signs suggesting a mass included 
extrinsic pressure on the stomach, extrinsic 
pressure or widening of the duodenal loop, 
and/or displacement of the duodenojejunal 
angle.t There were five patients in whom 
the small bowel studied. All showed 
some disturbance of motor physiology. In 


was 


t Bove, P.: Treatment of Acute Pancreatitis, 
read before the Inter-American Association of 
Gastroenterology, Mexico, D.F., May 14, 1952; 
Cintra do Prado, F.: Clinical Aspects of Pan- 
creatitis, read before the Inter-American Associa- 
tion of Gastroenterology, Mexico, D.F., May 14, 
1952; Santos, F.: Personal communication to the 


authors. 


TaBLeE 16.—Barium-Meal Studies Between Six and 
Thirty Days After Acute Attack* 
(Twenty-Nine Cases) 





Change Present Absent 


Coarsening of gastric mucosa 19 
Coarsening of duodenal mucosa 21 
PR OE Bh TRIB 5 oo ois doecns onticcece. 15 
(a) Extrinsic pressure on stomach 18 
(b) Widening or pressure on loop 22 
(c) Displacement of muscle of Treitz... 25 


* Average interval was about 18 days. 
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four studies hypermotility was present (Table 
16). 

Cholecystograms.—In all instances of pan- 
creatitis subsequently proved to be associated 
with biliary tract disease, the cholecysto- 
grams, when available, were abnormal. In 
the alcohol group, 12 of the 14 cholecysto- 
graphic studies, obtained between 4 and 14 
days after the acute attack, were normal. In 
two there was “nonvisualization.” However, 
in one of these a later cholecystogram (21 
days) showed normal function. Accumula- 
tion of viscid bile in the gall bladder, which 
does not mix readily with dye-containing 
hepatic bile, may account for nonvisualization 
when vigorous gall-bladder evacuation has 
not occurred for a number of days while 


TABLE 17.—Cholecystograms 


Patients, 
ay No. 
I. Biliary traet group (36) 

A. Patients operated on 

1. Choleeystogram not obtained 

2. Cholelithiasis 
B. Patients not operated on 

1. Cholelithiasis 


9 


Ile Aleohol group (31) 
1. Cholecystogram not obtained 
2. Normal cholecystogram 
3. Dilated C. D.; normal G. B 
4. Question of stones vs. gas shadow.. 


patients are on the fat-free regimen employed 
in the management of the pancreatitis. All 
of the cholecystograms obtained two weeks 
or more after the acute attack were normal 
in the alcoholic group. 

Pancreatic Lithtasis—There were seven 
instances of pancreatic lithiasis. Six of these 
were in the alcohol group, and one was in 
the biliary tract group. 


CLINICOPATHOLOGIC CORRELATION 
Necrosis vs. Edema.—A pathologic diag- 
nosis was established in 27 patients. This 
was accomplished at laparotomy in 11 pa- 
tients during the acute phase of the disease 
and at necropsy in 3. The remaining patients 
had elective biliary tract operations from one 
to five weeks after admission. Necrotizing 
pancreatitis was somewhat more frequent in 





ACUTE INFLAMMATION OF PANCREAS 
the alcohol group than in the biliary tract 
disease group. There was no apparent sex 
difference. Analysis of the initial tempera- 
ture, leucocyte count, most physical findings, 
and enzyme levels disclosed very little differ- 
ence between the two groups. Certain find- 
ings, however, were more frequent in those 
with necrotizing lesions, although the number 
of proved cases is too small to allow defini- 
tive conclusions. Shock was seen only in those 
patients with necrosis, and 3 of 14 patients 
with necrosis had this sign. Thromboembolic 


skin 


(patchy cyanosis) were seen only in cases 


yhenomena and _ significant changes 
> > 


with necrosis. Decreased serum calcium con- 
centrations were more frequent in the pa- 
tients with necrotizing pancreatitis, and val- 
ues below 8.0 mg. per 100 cc. were seen 
only in the necrosis group. The average 
duration of hyperenzymemia was greater in 


TABLE 18.—Clinical-Pathologic Correlation in 
Twenty-Seven Cases* 
Edema Necrosis 
Etiology 
Biliary 
Aleohol 
Other 
Male 
Female 


tract 


‘Temperature, F 
102 
>102 
White cell count 
15,000 
>15,000 a5 
Abdominal signs 
Tenderness (direct) 
Tenderness (rebound) 
Rigidity 
Distention a 
Normal peristalsis 
Inereased peristalsis 
Decreased peristalsis 
Absent 
Shock 
Amylase 


peristalsis 


OO meg./100 ce 


>DOO mg./100 ec. . 
Not 


Lipase 


done 
ce 


Not done ooh 
Low serum calcium.... 
Thromboembolie phenomena 
Skin changes 
Complications 
Average duration of hyperen 

days 
Mortality 


* Nature of pathology proved by operation or necropsy. 


necrosis than in edema. Complications such 
as collection of fluid, abscesses, and fistulae 


were seen only in patients with necrosis. The 


four patients who died all had hemorrhagic 


pancreatitis (Table 18). 
THERAPY 

Twelve cases were explored within 48 
hours of admission. In none of these patients 
was pancreatitis diagnosed prior to surgery. 
The preoperative diagnoses included chole- 
cystitis in five instances, ruptured viscus in 
four, and, in one patient each, ectopic preg- 
nancy, ruptured tubo-ovarian abscess, and 
acute appendicitis. Serum amylase determina- 
tions were available preoperatively in only 
The 
second had an amylase of 250 mg. per 100 cc., 
and it was felt by the clinician that this was 


not diagnostic of acute pancreatitis but the 


three patients. In one it was normal. 


result of some other abdominal inflammatory 
condition. The differential diagnosis of the 
third patient was very difficult. He had been 
hospitalized previously, and a_ persistent, 
asymptomatic serum amylase value of 800 
to 1200 mg. per 100 cc. was present. Several 
weeks after discharge he was readmitted with 
acute abdominal pain and the amylase was 
600 mg. per 100 cc. The surgeon decided 
to explore. Acute hemorrhagic pancreatitis 
with serosanguinous collection was found. 
Ten patients had a very stormy postopera- 
tive course with a prolonged convalescence, 
and three died in the postoperative period. 
Thus, the mortality was 25%. This relatively 
high mortality was probably due to several 
factors. First, these patients were on the 
average more severely ill than many of the 
other patients. Second, several were chronic 
alcoholics and thus poorer surgical risks. 
Third, manipulation of an inflamed pancreas 
during the surgical procedure may have ac- 
centuated the inflammatory process. Finally, 
adrenal insufficiency (stress) may also have 
been a factor. At necropsy one patient did 
have adrenal cortex atrophy. It is of interest 
that in one of the two patients that did not 
have a complicated postoperative course only 
local anesthesia was used during surgical 
exploration. All of the patients who had 
elective delayed surgery had an uncompli- 
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cated postoperative course, and among them 
there were no deaths as a result of surgery. 


There was one death among the &2 pa- 
tients treated medically during the acute 
stage of their disease. This represents a mor- 
tality of 1.3%. The patient who died was 
a chronic alcoholic who was admitted three 
weeks after the onset of symptoms. On ad- 
mission he was in a semimoribund state, with 
shock, marked dyspnea, and abdominal dis- 
tention. He died 36 hours after admission. 
Positive findings at autopsy were acute 
hemorrhagic pancreatitis and cholelithiasis 
(Table 19). The over-all mortality in the 
entire group was 4%. The objectives and 
rationale of the nonoperative conservative 
regimen have been presented in detail else- 
where.§ 


“ 





TABLE 19.—Therapy 





Postoperative Course 


Normal Stormy Mortality 
Con, "iO eT 
No. No. &% No. & No. 
12 2 16 10 

19 100 0 


Immediate surgery... 

Elective surgery 

Medical therapy 
(acute phase)...... 8&2 


COMMENT 

Mention has been made of the ability to 
obtain a history of excessive imbibance of 
alcohol or of the presence of biliary tract 
disease in patients with acute pancreatitis. || 
In the present larger series of cases we have 
once more noted the etiologic importance of 
these two factors. It is likely that overindul- 
gence in alcohol or biliary tract disease played 
a significant role pathogenetically in at least 
86% of these patients. The cases have been 
segregated into these two major groups, 
“pancreatitis-alcohol” (P-A) and “‘pancrea- 
titis-biliary’”” (P-B) in order to determine 
whether any significant differences (clinical, 
pathologic, prognostic) exist. 

It will be noted that in “pancreatitis-alco- 
hol” (41 admissions) the age of occurrence 
is younger and the male sex and Negro race 
predominate. Prior episodes of pancreatitis 
Proved recurrences were 


were commoner. 


§ References 1 and 10. 
|| References 1, 11, and 12. 
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four times more frequent in P-A as compared 
with P-B. Liver-function tests were often 
abnormal (20% in P-A; 4% in P-B). High 
serum amylase values persisted longer in 
P-A than in P-B cases. Likewise, roentgen 
findings suggestive of ‘pancreatic ileus’’ were 
encountered more often in P-A cases. Pan- 
creatic calcinosis was noted in six P-A pa- 
tients but in only one P-B patient. 

In “pancreatitis-biliary” icterus commonly 
accompanied the attack, whereas in “‘pan- 
creatitis-alcohol” it was noted only once. 
Hyperbilirubinemia 1.5 mg. per 
100 cc.) was noted in 55% of cases in P-B 
and not once in P-A. Therefore, the associa- 
tion of significant hyperbilirubinemia with 
acute pancreatitis should suggest (as a rule) 
the existence of concomitant disease in the 


(above 


biliary tract. Fisher and McCloy, however, 
recorded the presence of jaundice in 7 and 
severe hepatic histologic changes in 11 of 14 
fatal instances of acute hemorrhagic pan- 
creatitis not associated with extrahepatic 
biliary tract disease.’ 

It appears that acute pancreatitis of alco- 
holic etiology is a severer disease, with a 
greater incidence of complications and recur- 
rences and generally with a poorer prognosis. 
Although this review does not include a long- 
range follow-up, our patients in the P-B 
group who submitted to elective biliary tract 
surgery after subsidence of the acute attack 
seem to have a much lower incidence of 
recurrence of pancreatitis. In our experience 
relapsing pancreatitis in most instances has 
been encountered in the P-A group of pa- 
tients. 

Since the advent of the pancreatic serum 
enzyme tests, an increased incidence of acute 
pancreatitis in association with both acute 
cholecystitis and biliary colic has been noted. 
We believe that immediate operation is con- 
traindicated in the presence of acute pan- 
creatitis, unless clear-cut indications render 
operation imperative. For some years, serum 


enzyme tests have been employed in all pa- 


tients admitted to our service who have symp- 
toms and signs suggesting acute cholecystitis 
or biliary colic. If this policy is not adopted, 
one certainly should do serum enzyme tests 
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when an increased likelihood of acute pan- 
creatitis is suggested by (1) pain of greater 
intensity than is anticipated in attacks of 
“pure biliary colic,” particularly if its greatest 
intensity remains in the epigastrium or radi- 
ates to the left upper abdomen or to the re- 
gion of the angle of the left scapula; (2) 
association of shock-like state; (3) striking 
constitutional reaction, greater elevation in 
temperature, and higher leucocytosis, and 
(4) 


opitate injection. If hyperenzymemia is noted, 


failure to obtain lasting relief from 


our policy is to delay operation for the 
biliary tract disease until the pancreas has 
had time to “cool off,” as indicated by a 
return to normal of the enzyme values. Hy- 
perbilirubinemia is often concomitantly pres- 
ent in such instances and ofttimes the con- 
centration of serum bilirubin will return to 
normal concomitantly. If this fortunate hap- 
penstance does take place, the patient is a 
better operative risk and definitive surgery 
is more easily accomplished. Obviously, the 
acuity of the biliary lesion demands earlier 
operation in some instances. Acute pan- 
creatitis may develop later during the course 
of observation in patients with acute biliary 
tract disease, when it has not been noted 
on admission. In patients with acute biliary 
tract disease, hyperenzymemia may be absent 
on admission to the hospital but may develop 
some days later, during the period of observa- 
tion. The possibility of the development of 
acute pancreatitis should ever be in mind 
in the case of those patients whose convales- 
cence from an “acute biliary attack” is not 
satisfactory. Enzyme determinations should 
be frequently repeated under these circum- 
stances. 
SUM MARY 

The clinical manifestations in 94 admis- 
sions of 78 patients with acute pancreatitis 
at the Graduate Hospital are reviewed. 

Eighty-five per cent of the cases were 
associated definitely with either excessive 
imbibition of alcohol or biliary tract disease. 
These are unquestionably the commonest fac- 
tors related to the etiology of acute pancreati- 
tis. Other causes included operative trauma, 
allergy, and carcinoma of the pancreas. 


The age of these patients ranged from 19 
to 87 years. The mean age at the onset of the 
disease the alcohol 
than in the biliary tract group. Alcohol was 
the major precipitating cause in Negroes, 


was younger in group 


whereas associated biliary tract disease was 
noted more frequently in white patients. 
Proved recurrences of pancreatitis were four 
times more frequent in the alcohol group than 
in the biliary tract group. 

Pain was the major symptom in 98% of 
patients. The common location of initial pain 
was in the epigastrium with radiation to the 
back. Other locations were not infrequent. 
Nausea and vomiting were present in the 
majority of patients. 

On physical examination the commonest 
finding was direct abdominal tenderness. 
Muscle guarding, rebound tenderness, and 
distention were less frequent. Peristalsis 
varied from hyperactive to absent. Unequiv- 
ocal signs of shock were seen in only 6% 


of patients. Visible icterus occurred in 52% 


of those patients who had associated biliary 
tract disease. 

The most valuable diagnostic tools were 
the serum amylase and lipase tests. In those 
cases in which one or both enzyme studies 
were available (92 cases) either the amylase 
or lipase value or both were elevated in all 
but two instances. The latter patients had 
The 
amylase was 500 mg. per 100 cc. or more in 
47% 


or more in 28%. A 


severe hemorrhagic necrosis. serum 


of cases, while the lipase was 5.0 cc. 
persistent elevation of 
serum amylase after 10 days of adequate 
therapy usually indicated a complication such 
as pseudocyst, abscess, fibrosis, or persistent 
edema of the pancreas. 

In this series of patients increased serum 
bilirubin concentration during the attack of 
pancreatitis indicated associated biliary tract 
disease. Certainly this cannot be true uni- 
versally in patients with a severer acute necro- 
sis. Nevertheless, it seems likely that definite 
the 


episode of acute pancreatitis usually means 


hyperbilirubinemia occurring during 
associated biliary tract disease, particularly 
calculous disease. 
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Survey films of the abdomen, when avail- 
able, disclosed findings suggestive of localized 
paralytic ileus, which might be interpreted 
as pointing toward pancreatitis, in 23 of 50 
cases. Findings of this nature can be looked 
upon as being suggestive but never pathog- 
nomonic of acute pancreatitis. In four in- 
stances the x-ray configuration was more 
suggestive of mechanical obstruction or of 
diffuse paralytic ileus. 

X-rays of the chest were abnormal in 16 
of 30 patients. The changes included pneu- 
monitis, linear atelectasis, and elevation of 
one or both diaphragms. 

Jarium-meal studies of the stomach and 
duodenum in 29 patients, carried out from 
6 to 30 days after the attack, disclosed 
coarsening of the gastric and duodenal mu- 
cosa in many instances. Defects suggesting 
the likelihood of a mass in the region of the 
pancreas were seen in 14 of 29 cases. 

In the clinicopathologic correlation, utiliz- 
ing only pathologically proved cases (27 
cases), the clinical and laboratory features 
of cases with edema are compared with those 
of acute necrotizing pancreatitis. It may be 
impossible to distinguish between necrosis 
and edema early in the course of the attack. 
However, in many instances of severe necro- 
sis the occurrence of shock, hypocalcemia, 
prolonged hyperenzymemia, skin changes, 
thromboembolic phenomena, and complica- 
tions are highly suggestive of the severer 
form of the disease. 

In 43% of patients the admission diagnosis 
was incorrect. These incorrect diagnoses in- 
cluded acute cholecystitis, cholelithiasis, in- 
testinal obstruction, ectopic pregnancy, rup- 
tured viscus, acute appendicitis, and acute 
gastroenteritis. 

The total mortality was 4.3%. There were 
14 cases of necrotizing pancreatitis proved 
at surgery or necropsy. Eight of these had 
laparotomy during the acute phase, and three 
died (37.5%). Five were treated medically 
during the acute phase and survived subse- 
quent surgery. One patient was admitted in 
a terminal state. All of the fatal cases were 
instances of necrotizing pancreatitis. The 
mortality among all patients in whom an 
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exploratory laparotomy was performed within 
72 hours of the attack 25%, 
whereas there were no deaths of patients 
after the acute 


acute was 


who had elective surgery 
symptoms subsided. There was 1 death among 
82 patients treated medically during the acute 
phase of the disease. 

CONCLUSIONS 

The major etiologic factors in this series 
of cases of acute pancreatitis were overin- 
dulgence in alcohol and biliary tract disease. 
Certain differences in the clinical and labora- 
tory findings in these two etiologic categories 
of patients are noted. 

Serum amylase and lipase determinations 
are the most helpful laboratory aids to the 
diagnosis of acute pancreatitis, which may 
he varied and bizarre in its clinical masquer- 
ades. 

Initially it is often impossible to distinguish 
between acute edema and acute necrosis of 
the pancreas. A critical analysis of the clini- 
cal features of these two groups of cases is 
given. 

Prolonged elevation, with or without fluc- 
tuation, of the serum pancreatic enzymes 
while the patient is maintained on an ade- 
quate “pancreatic rest” medical regimen is 
usually due to a complication (abscess, 
pseudocyst, etc.). 

A localized paralytic ileus involving one 


or more adjacent small-bowel loops in the 


left upper abdomen or midabdomen is sug- 
gestive but not pathognomonic of acute pan- 
creatitis in the survey film of the abdomen. 
This survey confirms our previous impres- 
sion that the acute phase of pancreatitis is 
best treated by a nonoperative conservative 
regimen, provided other acute abdominal 
surgical emergencies can be excluded. 


DISCUSSION 


Rochester, 


ABSTRACT OF 
PRIESTLEY, Minn. : 


presented by Dr. 


Dr. James T. 
This most enlightening study 
Bockus has been of interest, I am sure, to us all. 
His critical appraisal of the etiologic factors and 
pancreatitis are 
our 


manifestations of acute 


and add significantly to 


clinical 
thought-provoking 
understanding of this serious disease. Of course 
not all of the questions are answered yet. One 
might ask why only a small proportion of patients 
who are chronic alcoholics or who have disease in 
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the biliary tract develop pancreatitis whereas the 
majority of these patients do not. The frequent 
association of pancreatitis and cholelithiasis without 
choledocholithiasis naturally suggests some etiologic 
relationship between these two conditions. Yet what 
is the exact mechanism involved? Might it even be 
possible in some cases that pancreatitis precedes the 
cholecystic disease? What proportion of patients 
who have an initial attack of pancreatitis will have 
subsequent attacks and perhaps develop the chronic 
relapsing form of this disease? There are of course 
many other unanswered questions, and studies such 
as those presented by Dr. Bockus will help answer 
some of these questions. We would hope that when 
more complete and specific knowledge of etiology is 
available that treatment would be more effective and 
perhaps prevention would be possible in some cases. 

A word about treatment. Medical management is 
commonly accepted as the treatment of choice for 
acute pancreatitis, and the presentation which we 
have just heard adds further support to this opinion. 
Yet I believe we would all admit that it is not as 
satisfactory as we would like. For example, it is 
not always successful in preventing the development 
or progression of an acute pancreatic necrosis. 

A common etiologic concept which is held regard- 
ing this form of the disease is that of continuing 
secretion of the pancreas in the presence of some 
degree of obstruction to the free and normal drain- 
age of pancreatic juice, with resultant extravasation 
of pancreatic secretion from small radicals of the 
ductal system into the parenchyma of the gland 
Perhaps bile may also be present in the pancreatic 
ducts under these circumstances, but I do not recall 
actually seeing bile-colored secretion in the pan- 
creas in cases of this type. In any event, such a 
concept has some features in common with the pro- 
duction of acute pyelonephritis in the presence of 
ureteral obstruction or with production of chol- 
angitis in the presence of choledochal obstruction. 
Recognized treatment of these conditions includes 
relief from the obstruction. One naturally wonders 
whether early relief from obstruction of the collect- 
ing system of the pancreas might not abort a process 
which otherwise, in at least some patients, pro- 
gresses to a serious state and causes a prolonged ill- 
ness. I realize that the mere suggestion of early 
surgical treatment of acute pancreatitis would meet 
with rather strenuous objection in many quarters, 
but perhaps the idea should not be entirely dis- 
carded. 

My personal experience with pancreatitis has 
been largely with the chronic relapsing form of the 
disease. Recently, Taylor, Rogers, and I studied 
a group of patients to determine the late results 
following surgical treatment for chronic relapsing 


pancreatitis. A recent review of the clinical records 


of these patients as regards the incidence of alcohol- 
ism and biliary tract disease reveals findings similar 
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in some regards but a little at variance in other 
regards with those presented by Dr. Bockus. There 
was a history of alcoholic intake of varying degree 
in 40% of our group of patients. Disease in the 
biliary tract was found in 72%, but in only 12% 
were there stones in the common duct. Twenty per 
cent had a history of both biliary tract disease and 
alcoholism. 
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Useful Diagnostic Laboratory rocedures 


in P. ancreatitis 


THOMAS E. MACHELLA, M.D., Philadelphia 


The purpose of this paper is to discuss 
some of the laboratory procedures which 
may be helpful in the diagnosis of pancreati- 
tis. They include the determination of the 
degree of enzyme activity in blood serum, 
duodenal juice, urine, and peritoneal fluid; 
the microscopic examination and chemical 
analysis of stools for evidence of impaired fat 
and protein digestion, and the glucose-toler- 
ance test. In addition, reference is made to 
other laboratory tests which may reveal ab- 
normalities in pancreatitis, such as the serum 
calcium concentration, the differential white 
blood cell count, the various liver tests, and 
the starch-tolerance test. 


A. ENZYMES IN BLOOD 


Procedures are available for determining 
the amylase and lipase activity of serum; 
however, no direct method of estimating 
trypsin is as yet available. The plasma anti- 
thrombin titer, which Innerfield and co-work- 
ers ' believe reflects tryptic activity, is being 
evaluated in pancreatic as well as other 
diseases. 

1. Serum Amylase.—Of the four methods 
which have been used for estimating the 
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amylolytic activity of serum, the saccharo- 
genic,* the viscometric,} the starch-iodine,® 
and the nephelometric,” the saccharogenic 
(copper reduction) method of Somogyi is 
the most generally used and the most ac- 
curate; it requires about one hour for its 
performance. The range of values for nor- 
mals commonly employed extends from 60 
to 180 units (milligrams of glucose per 100 
ml. of serum). The method involves the de- 
termination of the amount of glucose formed 
when starch is hydrolyzed by the amylase. A 
marked hyperglycemia may interfere with 
its accuracy.* 

Recently, serum amylase tests have been 
modified so as to simplify the procedure and 
shorten the time required for their comple- 
tion. Some of them have employed the starch- 
iodine method.t That reported by Fishman 


and Doubilet '° can be performed in 10 min- 
utes and requires a minimum of clinical ap- 
paratus. In the presence of high concentra- 
tions of amylase, all the starch present is 
digested ; consequently a yellow color, instead 
of various shades of purple, is obtained when 
iodine is added. More recently, the turbidi- 
metric method of Waldron '! for measuring 
amylase activity of duodenal juice has been 
modified by Peralta and Reinhold '° for esti- 
mating the amylase activity of serum. The 
basis of this method is the decrease in the 
absorbency of a buffered starch suspension 
caused by the splitting of the starch by the 
enzyme during a timed interval and at a con- 


trolled temperature. Such a method avoids 


the use of solutions of elemental iodine in 
laboratories in which microanalytical methods 
for iodine are employed and thus reduces the 
hazard of contamination to the latter. 


_— — 
* References 2 and 3. 
+ References 4 and 5. 
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DIAGNOSTIC LABORATORY 


The serum amylase determination is the 
most generally useful procedure in the diag- 
nosis of acute pancreatitis. Its concentration 
is increased to more than four to six times 
normal early in the attack and usually re- 
turns to normal within three to four days in 
uncomplicated cases. Persistent elevations 
(up to 22 days) indicate a continuation, ex- 
tension, or progression of the process.'* The 
height of the amylase level bears no constant 
relationship to the severity of the attack. The 
concentration may also be increased during 
the acute episodes of chronic relapsing pan- 
creatitis, particularly early in the course of 
the disease. Subsequently, as the pancreas be- 
comes progressively and extensively dam- 
aged, the functioning acinar cells may be too 
few to give an elevation during the acute 
flare-ups. 

Increases in the serum amylase concen- 
tration have been reported in patients with 
carcinoma of the head of the pancreas,'* in 
those in whom a peptic ulcer has penetrated 
into or near the pancreas,§ and when free 
perforation of an anterior duodenal ulcer has 
occurred into the peritoneal cavity. In the 
latter instance, the hyperamylasemia has been 
attributed to absorption of the enzyme from 
the peritoneal cavity. Elevated values have 
also been found when renal function is im- 


paired '* (paralleling the degree of azotemia ), 


in peritonitis due to various causes,’* in in- 
testinal obstruction,|| in mumps { and other 
diseases of the salivary glands,'* and follow- 
ing operations in or outside the abdomen.# 
They have been reported after thyroid- 
ectomy.* Increased, as well as normal and 
low, values have been reported in hepatic 
disease.** The elevations in serum amylase 
which have been noted in conditions other 
than acute pancreatitis were usually not as 
high (less than four to six times normal) as 
those encountered early in acute primary pan- 
creatic inflammation. 

§ References 15 and 16. 

|| References 16 and 17. 

{| References 15 and 18. 

# References 19-21. 


* References 22 and 23. 


PROCEDURES 


IN PANCREATITIS 


Cause for confusion in the interpretation 
of the serum amylase value in acute pancrea- 
titis has arisen as a result of the reported 
elevations in the sera of patients given opi- 
ates. The problem raised by this possibility 
is important, because reliance cannot be 
placed on the test when a patient with ab- 
dominal pain presents himself for diagnosis 
after an opiate has been administered to him. 
The increases in serum amylase following a 
subcutaneous injection of 16 mg. of morphine 
sulfate in the three instances reported by 
Burke and co-workers *° all occurred within 
the normal range of values (39 to 60, 20 to 
56, and 24 to 80 units), the normal range in 
their laboratory being 6 to 99 units. Doses 
of codeine sulfate (2 grains [120 mg.]), 
larger than are ordinarily administered, have 
been reported to give rise to significant ele- 
vations in serum amylase and lipase in 6 of 
27 cases.** An increased amylase level has 
been reported following an unstated amount 
of meperidine (Demerol) in one patient.** 
More recently, elevations in serum amylase 
following a subcutaneous injection of 14 grain 
(15 mg.) of morphine sulfate have been re- 
ported by Bogoch and co-workers.” These 
workers noted an elevation in serum amylase 
in 3 out of 41 patients in the range of five 
times top-normal value (120 mg. per 100 
cc.) in their laboratory. Increases above pre- 
injection values were observed in eight other 
patients ; however, the levels for these were 
not as high as might be expected to occur 
during the first 24 hours of an attack of acute 
pancreatitis. The increases were noted within 
5 hours of the injection of morphine; how- 
ever, in a few instances levels were still above 
top-normal 24 hours afterwards. Wapshaw *° 
reported an increase in serum amylase and 
lipase levels in 5 (18%) of a group of 28 
fasting patients given 0.016 gm. of morphine ; 
the highest amylase level was 3 times, and 
highest lipase level, 20 times the premorphine 
level. In a second group of 28 patients, a 
meal was ingested 60 minutes prior to the 
morphine. Nine patients showed an increase 
in the serum amylase and lipase values. The 


A 
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highest lipase level was 9 times, and the high- 
est serum amylase level, 14.7 times the pre- 
medication level. 

2. Serum Lipase.—The lipase activity of 
serum is determined by titrating with a stand- 
ard solution of sodium hydroxide the fatty 
acid liberated as a result of hydrolysis of a 
neutral fat substrate (olive oil emulsion) by 
the lipase. The test, when olive oil is used as 
a substrate, as in the Cherry and Crandall *’ 
method, requires about 24 hours for its per- 
formance. Since decisions concerning man- 
agement must often be made promptly in pa- 
tients with acute abdominal pain, the 24-hour 
period required for the completion of the test 
mitigates against its usefulness in the diag- 
nosis of acute pancreatitis. Values above 1.0 
ml. N/20 NaOH are considered to be of sig- 
nificance by some,t and those above 1.5 cc. 
N/20 NaOH, by others.§ More recently, a 
titrimetric method has been described by 
Alper.*® This employs a tributyrin substrate 
and requires one hour’s incubation. Units of 
lipase activity are expressed as milliliters of 
N/10 NaOH required to neutralize the fatty 
acids produced by the action of lipase on the 
tributyrin substrate. 

The serum lipase activity is increased early 
in an attack of acute pancreatitis and may 
remain elevated after the serum amylase has 
returned to normal.|| It may also be increased 
early in the course of carcinoma of the head 
of the pancreas when the lesion obstructs the 
pancreatic ducts, before the acinar cells are 
destroyed.*® Elevated serum lipase values 
have been reported in some patients with 


36 


cholelithiasis and jaundice,** hepatic tumor, 
viral hepatitis,* hepatic cirrhosis, intestinal 
obstruction # (also in experimental ileus **), 
peritonitis,’* after morphine sulfate injec- 
tions,* and after large doses of codeine sul- 
fate.?’ 

17, 24, and 32. 
33 and 34. 

32 and 34. 

24 and 36. 

17, 36, 


29 and 30. 
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3. Plasma Antithrombin Titer.—Because 
blood contains antitryptase, a satisfactory 
method for estimating serum trypsin directly 
has not thus far been available. However, 
Innerfield and co-workers ' have postulated 
that the plasma antithrombin titer reflects 
the blood trypsin content. They have found 
the antithrombin titer to be elevated in acute 
pancreatitis and in some cases of chronic re- 
lapsing pancreatitis but not in acute surgical 
abdomen due to other causes. The experi- 
ences of others with the test in acute pan- 
creatitis has been varied. Dreiling and co- 
workers ** found elevations in the titer in 6 
out of 49 patients without clinical or labora- 
tory evidence of pancreatic disease. The 
amylase levels were normal in each of the 
six. In their series of 11 patients with acute 
pancreatitis, they found elevated titers in 3 
in whom serum amylase levels were normal 
and normal titers in 2 with elevated amylase 
levels. Both tests were normal in three and 
both were elevated in three others. Welch 7 
and also Levy ¢ felt that the test was not 
specific for pancreatitis. The experience of 


Moseley and co-workers *° 


was more en- 
couraging. These workers believed that the 
antithrombin test helped establish the diag- 
nosis of acute pancreatitis more definitely in 
11 of 13 patients. They felt that it was help- 
ful either as a supplementary test confirming 
the clinical impression and amylase findings 
or as an aid in instances where the serum 
amylase values were borderline and slightly 
elevated for some cause other than acute pan- 
creatitis. In their opinion, best results from 
the test were obtained when it was performed 
early in the course of the illness, but they 
found that it continued to be positive for at 
least 36 to 48 hours in many patients. They 
emphasized that the test had many pitfalls 


and that, unless strict attention to detail was 


paid, results might not be reproducible. It is 


of interest that they observed no elevations 


in titer after morphine. 


+ Welch, G. 


. Gavy, 95 5 


E., in discussion of Moseley.*° 


in discussion of Moseley.*° 
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B. ENZYMES IN URINE 
The determination of the concentration of 
amylase in the urine was used for many years 
for the diagnosis of acute pancreatitis. More 
recently it has been employed less often, be- 
cause examination of the blood serum for 
amylase has been found to be of greater diag- 
nostic value. The determination of urinary 
lipase *' has not been widely used, while a 
satisfactory method for determining urinary 
trypsin is not available. 
The 


activity in serum are applicable to urine, but 


methods for determining amylase 
larger quantities of urine are necessary, be- 
cause it has less ainylolytic activity than 
serum. The saccharogenic method, modified § 
to correct for the normal reducing qualities 
of urine, is the most satisfactory. It is less 
reliable when a marked glycosuria is present. 
Random specimens may be misleading be- 
cause of a lack of relationship between the 
blood and urinary amylase.|| The normal 
range of urinary amylase, according to Noth- 
the 
method, varies from 8U to 350 units per 100 


man,** using Somogyi saccharogenic 
ml., and, according to Dozzi,{ also using a 
saccharogenic method, from 264 to 953 mg. 
per 100 ml. of urine per 24 hours. Jacobsson 
and Hansen*' have recently published a 
turbidination method for determining amy- 
lase in the urine, using dextrin as a sub- 
strate. The urinary amylase determination 
has been thought to be useful occasionally 
when acute pancreatitis or an acute episode 
of chronic relapsing pancreatitis is suspected, 
because the urinary amylase may remain ele- 
vated after the serum amylase has returned 
to normal. 


C. ENZYMES IN DUODENAL JUICE 

The determination of the bicarbonate and 
enzyme content of duodenal juice aspirated 
before and after the intravenous or subcuta- 


neous injection of a suitable stimulant of the 


external secretion of the pancreas can supply 
helpful information concerning pancreatic 
———EE 

§ References 42 and 43. 

|| References 8, 42, and 43. 
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disease. However, the procedure cannot be 
performed readily in the patient sick with 
acute pancreatitis. If performed after the 
acute attack subsides, it may reveal evidence 
of pancreatic dysfunction and therefore is 
useful only if serum amylase determinations 
were not performed during the attack. The 
test is more helpful in the diagnosis of chronic 
pancreatitis. It is time-consuming and re- 
quires an elaborate set-up. Gastric and duode- 
nal juice are aspirated and collected sepa- 
rately by continuous suction with the use of 
either two single-lumen tubes tied together 
or a double-lumen gastroduodenal tube such 
as that of Agren and Lagerlof *° or of Abbott 
and Rawson.** By the use of such an arrange- 
ment most of the gastric juice and the greater 
part of the duodenal content (bile and pan- 
creatic juice) are withdrawn separately. 
The the 
placement of the tube tips. This is best accom- 


procedure necessitates proper 
plished under fluoroscopic guidance. The gas- 
tric tube is intended to prevent gastric juice 
and swallowed saliva from entering the duo- 
denum. The duodenal tube tip should be at or 
near the ampulla of Vater. Basal secretion 
is collected for a period of 20 minutes, after 
which a suitable stimulant is injected and 
three to four successive 20-minute samples 
of duodenal content are aspirated. The sub- 
stances used for stimulating pancreatic secre- 
tion include secretin (1 clinical unit per kilo- 
gram of body weight, intravenously) .# 
methacholine (Mecholyl) bromide (15 mg. 
subcutaneously ) 47 and bethanechol ( Urecho- 
line) chloride (10 mg. subcutaneously ).* 
Secretin evokes a large volume of juice rich 
in bicarbonate but poor in enzymes (hor- 
monal secretin), while either methacholine 
or bethanechol produces a scant flow of juice 
but 


Modifications of 


poor in bicarbonate rich in enzymes 


the 
Somogyi method for serum amylase, of the 


(neural secretion). 


Cherry-Crandall method for lipase, and of 


50 


the Riggs and Stadie®® procedure for peptic 
activity are applicable for duodenal enzyme 
determinations. A turbidimetric method for 


estimation of amylase activity has been pub- 


# References 47 and 48. 
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lished by Guth and co-workers.** Bicarbonate 
content may be determined by titrating 5 ml. 
of each specimen of duodenal juice with N/10 
NaOH after acidification with 10 ml. of 0.1 
N HCL. 

Evidence of deficient pancreatic secretion 
may be found in patients in whom the func- 
tion of a sufficient number of acinar cells is 
impaired or destroyed by inflammation, as in 
subsiding acute pancreatitis or in chronic pan- 
creatitis. 

IN 


D. CONCENTRATION OF AMYLASE 


PERITONEAL FLUID 


The determination of the concentration of 
amylase in peritoneal fluid obtained by ab- 
dominal paracentesis * has been utilized in 
the diagnosis of acute pancreatitis. The tech- 
nique involves the introduction of a 20-gauge 
needle through the midline of the abdomen 
just below the umbilicus. The concentration 
of amylase has been reported to be increased 
to 300 or more Somogyi units and may re- 
main so for two to four days after the blood 
level has returned to normal. In addition, 
the appearance of the aspirated fluid has 
furnished some information as to the type of 


pancreatitis present, a yellow turbid fluid 
indicating the edematous type and a reddish- 
brown color indicating the hemorrhagic form. 
The presence of bile and hydrochloric acid 
helps to differentiate pancreatitis from per- 
forated peptic ulcer. 


E. ENZYMES IN FECES 

Examination of the feces for enzymes is 
not used for the study of the external secre- 
tion of the pancreas in acute pancreatitis or 
in chronic pancreatitis in adults. In infants 
the gelatin film test may be helpful in de- 
tecting the presence or absence of trypsin 
when fibrocystic disease of the pancreas is 
suspected.*° Great caution must be exercised 
in performing and interpreting the test, be- 
cause proteolytic bacteria of the feces are 
capable of digesting the gelatin on the film. 
A procedure for decreasing the concentration 
of bacteria by dilution is available.** 


* References 53 and 54. 
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MICROSCOPIC EXAMINATION AND CHEMI- 
CAL ANALYSIS OF FECES 

Examination of the feces for undigested 
food may often supply evidence of an in- 
adequacy of the external secretion of the 
pancreas in chronic pancreatitis. In marked 
pancreatic insufficiency, the stool is bulky; 
glistening; pale, owing to the presence of 
fat, fatty acids, and soaps; rancid; has the 
consistency of thick and 
floats near the surface of the water in the 


butter, usually 
toilet bowl. The passage of feces consisting 
of masses of fat resembling butter or cream 
(steatorrhea ) on a diet containing considera- 
ble amounts of fat is highly suggestive of 
pancreatic disease. 

1.' Microscopic Examination. — Micro- 
scopic examination of the stools in pancreatic 
achylia usually reveals large quantities of fat 
in the neutral form. Neutral fat appears 
acids, 


as 
yellowish flakes or droplets; fatty as 
flakes or needle-like crystals, and 
amorphous flakes or rounded masses as well 
as needle-like crystals. Sudan III when added 


soaps, as 


to the stool stains neutral fat red and free 
fatty acid orange. Soaps (combined fatty 
acids ) remain unstained unless the fatty acids 
are liberated by the addition of a drop of 30% 
acetic acid and heated to the boiling point 
over a flame. Varying amounts of fatty acids 
may be found in the stools of patients with 
pancreatic insufficiency, as a result of their 
formation from neutral fat in the colon ** by 
bacteria. 

The finding in the stools of large numbers 
of undigested muscle fibers with preserved 
longitudinal and transverse striations (cre- 
atorrhea ) on a diet containing large amounts 
of chopped beef or ham given raw or lightly 
broiled indicates a deficient digestion of pro- 
tein. Muscle fibers, however, can be broken 
down by the intestinal bacteria in the pres- 
ence of pancreatic insufficiency; hence, cre- 
atorrhea may be missed if the fecal material 
remains in the colon for a long time.** The 
presence of starch granules (amylorrhea) in 
the stool is of little diagnostic importance. 
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Starch granules stain blue on contact with 
strong iodine solution U.S. P. ( Lugol’s solu- 
tion ). 

2. Chemical Analysts of Feces for Fat and 
Nitrogen.—The determination of the fat and 
nitrogen content of feces on a fixed dietary 
intake of fat, protein, and carbohydrate can 
supply important information in chronic pan- 
creatitis. Usually the Schmidt diet,®’ or a 
modification of it,** is ingested over a period 
of three days. A readily identifiable substance 
such as carmine or charcoal is used to “mark 
otf the stools.” The usual procedure is to 
administer the (0.3 
capsule with the first meal. On the morning 
of the fourth day, charcoal (1 gm.) is in- 
gested with a breakfast consisting of milk. 


carmine gm.) in a 


The stools are collected after beginning the 
test diet. The first stool containing charcoal 
is rejected. The stools should be preserved in 
alcohol (0.8 ce. of 95% ethyl alcohol with 
each gram of stool) rather than frozen, be- 
cause it has been claimed that refrigeration 
does not prevent the splitting of neutral fat. 

The Schmidt diet 105 
protein, 135 gm. of fat, and 180 gm. of carbo- 


contains gm. of 
hydrate. In normal persons up to 6% of the 
fat and up to 8% of the nitrogen ingested 
excreted in the 


while on such a diet are 


feces."’ In complete obstruction of the pan 
creatic ducts, about 60% of the ingested fat 
and about 50% of the ingested nitrogen may 
be recovered from the feces. Most of this fat 
is in the form of neutral fat. In sprue the 
total amount of stool fat may also be greatly 
increased ; however, the larger proportion of 
it consists of free and combined fatty acids 
rather than of fat. An 
amount of fat in the stools can also occur in 


neutral increased 
common duct obstruction and when intestinal 
transport is very rapid. 

The fecal nitrogen content may be greatly 
increased (azotorrhea) in pancreatic insuf- 


ficiency. It is usually within normal limits in 


common duct obstruction and in sprue, al- 
though Comfort and co-workers ** have found 
that losses of nitrogen may be excessive. They 
believe that fecal values for fat and nitrogen 


ee 
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do not distinguish between idiopathic and 
pancreatogenous steatorrhea and that fecal 
nitrogen values should not be used for dif- 
ferentiating the two. The investigators, how- 
ever, based their belief on fecal values for 
total fat rather than on relative proportions 
of neutral and split fats. Evidence of a dimin- 
ished hydrolysis of protein in the intestines 
of patients with chronic pancreatitis has 
been obtained by the finding of an increased 
fecal excretion of orally administered [**!- 
labeled protein.” 

G. GLUCOSE TOLERANCE 

Investigation of the carbohydrate metabo- 
lism can have considerable diagnostic value 
in chronic pancreatitis. The oral glucose- 
tolerance test may yield a diabetic curve in 
patients with steatorrhea of pancreatic origin 
but a flat curve in the active stage of sprue. 
Impairment of glucose utilization is detecta- 
ble when sufficient islet-cell damage has oc- 
curred as a result of inflammation. Other evi- 
dences of deranged carbohydrate metabolism 
may include hyperglycemia and glycosuria. 
Low values for blood glucose as well as a 
tolerance curve indicative of increased utiliza- 
tion of glucose may be obtained in islet-cell 
tumors. 

Recently, Althausen and Uyeyama “’ have 
reported their experience with the starch- 
tolerance test. They feed a lemon-extract- 
flavored gelatinous mass consisting of 100 gm. 
of soluble starch and 450 ml. of water. Venous 
blood specimens are taken before, and one- 
half, one, two, and three hours after the 
administration of the starch. To interpret the 
results properly it is necessary to obtain, in 
addition, a glucose-tolerance curve, following 
ingestion of 100 gm. of glucose. The maximal 
rise in blood sugar during the glucose- and 
the starch-tolerance tests is determined by 
subtracting the value for the fasting blood 
sugar of each curve from that of the peak of 
the respective curves. Then, the extent to 
which the maximal rise in blood sugar after 
glucose exceeds that after starch is calcu- 
lated in percentages and compared with the 
normal range obtained from patients without 
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diseases of the pancreas. The values in the 
controls of Althausen and Uyeyama ranged 
from —54% to +51%, with a mean of 
+13.9 and a standard deviation of 28.2. 
They found the test to be normal in 12 of 14 
patients with chronic pancreatitis. 

H. SERUM CALCIUM 
in 
de- 


The serum calcium be lowered 
acute hemorrhagic pancreatitis. The 
pressed values are usually observed within the 
3d to 14th day after the onset of symptoms,= 
most frequently on the 4th and 5th days. The 
lowering of serum calcium has been at- 
tributed ** to the marked mobilization of cal- 
cium in and around the pancreas as a result 
of the formation of calcium soaps with fatty 
acids liberated when neutral fat is hydrolyzed 
by the lipase released into the peritoneal cav- 
ity.®° Values as low as 5.1 mg. per 100 ml. 
have been recorded in the absence of tetany."® 
In general, the most seriously ill patients have 
the lowest serum calcium values, presumably 


may 


because the amount of calcium withdrawn 
from the blood depends on the extent of fat 
necrosis, which, in turn, is influenced by the 
severity and duration of the disease. 


I. MISCELLANEOUS 

Other positive laboratory findings, espe- 
cially in acute pancreatitis, may include an 
elevated value for serum bilirubin; hypo- 
prothrombinemia ; positive cephalin-floccula- 
tion, colloidal-red, thymol-turbidity, and thy- 
mol-flocculation tests; hyperlipemia,® keto- 
nuria, and bilirubinuria. Hyperlipemia, in 
acute pancreatitis, along with a milky serum 
has been observed to exist for weeks and may 
be related to a deficiency of a fat-utilizing sub- 
stance normally elaborated by the pancreas.§ 
A significant reduction in lymphocytes in the 
differential blood smear has been reported as 
occurring within 48 hours of the onset of an 
attack of acute pancreatitis.’ In chronic pan- 
creatitis, associated with steatorrhea, an im- 
paired vitamin-A-tolerance curve may he 
obtained. 


t References 32 and 61-65. 


§ References 67 and 68. 
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SUMMARY 


Various laboratory procedures which may 
be helpful in the diagnosis of pancreatitis are 
presented, and their application is discussed. 
They include determination of the degree of 
enzyme activity in the blood serum, duodenal 
juice, urine, and peritoneal fluid ; microscopic 
examination and chemical analysis of feces 
for evidence of impaired fat and protein diges- 
tion, and glucose-tolerance, serum calcium 
concentration, and liver tests. 

The serum amylase test is the most widely 
used procedure in the diagnosis of and in fol- 
lowing the course of acute pancreatitis, as 
well as the acute episodes of chronic relapsing 
pancreatitis. 

In the diagnosis of chronic pancreatitis, 
with or without calcification, the determina- 
tion of the concentration of enzymes in aspi- 
rated duodenal juice before and after the 
administration of a suitable stimulant, the 
microscopic examination of stools for fat and 
meat fibers, the chemical analysis of feces for 
total and split fat and nitrogen, and the oral 
glucose-tolerance test are the most useful 
procedures. 

DISCUSSION 


ABSTRACT OF 


MOSELEY, Dr. 


an 


a, Oe 
us 


Dr. VINCE Charleston, 


Machella, in his presentation, has given 


excellent review of the various laboratory pro- 
cedures which are of value in the diagnosis of 
pancreatic disorders. His review has been thorough, 
and he has pointed out to us the specificity, varia- 
bility, and sources of error which may arise to 
invalidate many of these tests. I can find no perti- 
nent Omissions in his very complete coverage of 
this subject. 

I do, however, have two points which I should 
like to mention in connection with the serum amy]- 
ase test and the plasma antithrombin test. 

First, from personal experience, I have found 
that the amylase test is often disappointingly of 
borderline or only slightly elevated concentration 
at the time a patient with acute edematous or 
relapsing pancreatitis is first seen. Second, blood 
amylase values have been observed fairly often 
to be elevated to a significant or borderline con- 
centration in various abdominal disease states 
other than pancreatitis. 

A group of 18 patients with acute edematous or 
acute relapsing of whom were 


definitely proved cases, were personally seen in 


pancreatitis, all 
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the wards of the Roper Hospital. In only 50% of 
these patients was the amylase test found to be 
definitely positive at the time of, or subsequent to, 
the hospital admission of the patient. In contra- 
distinction, in this patients the 
plasma antithrombin test was found to be positive 
in 85% and negative in only 15%. 

To illustrate the usefulness of the antithrombin 


same group of 


test as an aid in the diagnosis of acute relapsing 
pancreatitis, a situation in which the amylase con- 
centration usually falls off very rapidly in a matter 
of 20 to 36 hours, I would like to show two slides. 
The first shows the amylase concentration in four 
patients who were seen early in the course of this 
disorder and on whom the test was run repeatedly. 
In these cases it can be seen that the antithrombin 
test remained significantly positive for a longer 
period than did the amylase test, as has been our 
general experience in other similar patients. 

The second slide illustrates this point in relation 
to six patients with acute relapsing pancreatitis 
whose initial and subsequent amylase tests were 
long 
that the serum amylase concentration was no longer 


obtained at a time enough after onset so 


significantly elevated but the antithrombin test 
was still positive. 

In 34 patients in whom pancreatitis was strongly 
but in whom other definite 


suspected initially 


diagnoses were later established, and in whom it 
Was that 


subsequent findings, either at laparotomy or on the 


believed pancreatitis was excluded by 


other findings giving adequate 
other 


basis of x-ray or 


explanation for the basis 
than pancreatitis, the antithrombin test was nega- 
tive in all this 
34 patients were those with hepatitis (3), chole- 
cystitis (4), peptic ulcer (4), and abdominal malig- 
nant (12), 
observers have reported the finding of a positive 
antithrombin test. In 29%, 
of this group, a borderline or rising amlyase titer 
was observed, and in 14% of this group the eleva- 
tion was of a fourfold degree. Others have made 
similar observations, as pointed out by Dr. Machel- 
la, and data from a paper by Edmundson and co- 
workers (Am. J. Med. 12:34 (Jan.) 1952) illus- 
trates this point. [slide] 


symptoms on a 


instances. Included in group of 


disease disease states in which other 


or roughly one-third 


In carcinoma of the pancreas we have observed 
on two occasions the test to be positive early in 
the course of the disease. Later it became negative. 
In eight other patients with malignant disease it 
was negative. 

The amount of trypsin necessary to produce a 
rise in antithrombin activity appears to be small. 
Inhalation of 250,000 units of Tryptar by means 
of an aerosol nebulizer will produce a positive test 
in 30 minutes. [slide] 

In summary, as an adjunct to the amylase test, 
I have found the antithrombin test to be useful as 
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a diagnostic aid. It has the additional value of 
staying positive for a longer period of time than 
the amylase test in acute edematous relapsing pan- 
creatitis. I believe it has proved of value in patients 
with borderline serum amylase concentrations due 
to pancreatitis and also when the amylase rise is 
associated as a laboratory finding in disease states 
observations in 


other than pancreatitis. Personal 


13 patients, with the usual doses of 16 mg. of 
morphine sulfate, indicated that the antithrombin 
test does not become positive after this quantity of 
opiate has been administered. 

In conclusion, I should like to again congratulate 
Dr. Machella on his excellent and very thorough 
paper and for the privilege of being permitted to 
discuss it. 
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al Management oO P ancreatilis 


CHARLES A. JONES, M.D., D.Sc. (Med), New Orleans 


The therapy of pancreatitis is neither 


standardized nor specific, and often it is 
disappointingly ineffective. Certain trends 
in therapy are, however, noticeable. During 
the last two decades the treatment of acute 
pancreatitis has emphasized nonoperative 


supportive and symptomatic measures in 
the early phases of the disease. General 
adoption of this plan has been attended by 
an appreciable reduction in the fatalities 
which formerly resulted. Even so, there 
remains an apparent irreducible mortality, 
the magnitude of which is in the neighbor- 
hood of 10%.* 

It appears that not only is improvement 
in therapy responsible for the greater sur- 
vival rate but also improvement in diag- 
nostic procedures has led to recognition of 
many milder, relatively innocuous, instances 
of the disease which previously would have 
been undiagnosed. Not only does this mild 
acute pancreatitis have a low mortality rate, 
but patients with severer forms of the dis- 
ease also recover more frequently than form- 
erly.+ Kirby and his associates* have di- 
rected attention to a changing cause of death 
in acute pancreatitis as a consequence of 
improved therapy and longer survival. In 
patients treated before 1946 death resulted 
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early from circulatory collapse, while in those 
treated after 1946 survival was longer and 
death resulted most frequently from second- 
ary hemorrhage and sepsis. Considerations 
of this sort justify speculation as to methods 
of attack on this residual mortality. Since 
the high mortality which accompanied early 
surgical intervention in acute pancreatitis 
was attained during the period when effective 
antimicrobal therapy was not available and 
the nature of the disease less well understood, 
the suggestion that a more aggressive early 
surgical approach be carefully reevaluated ° 
has appeal. 

A further consequence of improved diag- 
nosis and increased recovery from acute 
pancreatitis is the recognition that chronic 
the 
was previously realized. 


recurrent forms of disease are much 


commoner than 


Studies by Comfort and his associates ¢ 
of recurrent pancreatitis indicate this to 
be a sequacious event in the total disease, 
leading in many instances to defunctional- 
ization of the organ’s endocrine and exocrine 
activities. Fortunately, this chronic end- 
stage of the disease, with its diabetes, steator- 
rhea, creatorrhea, and malnutrition, is rare, 
but the chronic relapsing pancreatitis is not 
an uncommon occurrence. 

The problem of pain control in chronic pan- 
creatitis is a serious one, since medical man- 
agement often is unsatisfactory and many pa- 
tients seek escape from the realities of the 
disease in alcoholism or narcotic addiction. 
Many surgical procedures have been devised 
and applied to the treatment of chronic pan- 
creatitis for this reason. No one of these 
procedures has proved universally successful. 
Appreciation of the fact that recurrences 
are frequent has led to more careful atten- 


tion to measures, both medical and surgical, 


t References 6 and 7. 





MEDICAL MANAGEMENT OF 
aimed at recognition and elimination of the 
causes of these recurrent attacks, with re- 
warding results. 
MEDICAL MANAGEMENT OF ACUTE 

PANCREATITIS 

Although it is generally agreed that acute 
treated conserva- 


pancreatitis should be 


tively.§ a number of patients still require 
exploration in order to establish a diagnosis. 
This is a_ relatively harmless procedure, 
provided operative manipulation is held to 
the minimum. The serious consequences of 
errors in diagnosis of the morbid states 
with which acute pancreatitis may be con- 
fused justify adoption of this attitude. When 
the diagnosis of acute pancreatitis can be 
made with confidence, by whatever means, 
regardless of the degree of severity of initial 
manifestations, it is best to apply in full the 
principles of conservative treatment in every 
instance, because of the unpredictability of 
the clinical course of the disease.|| No dis- 
tinction is made between the treatment of 
primary acute pancreatitis and that of re- 
current acute attacks of the disease. 

Medical management of acute pancreatitis 
(1) 
(2) treatment of shock and replacement of 


is directed toward relief of pain, 
fluids and electrolytes, (3) temporary sup- 
pression of pancreatic secretion, (4) preven- 
tion and control of distention, (5) preven- 
tion of suppuration, (6) management of 
disturbances metabolism, 


(7) detection 


of carbohydrate 
and management of surgical 
complications, and (8) prevention of re- 
currences, 
RELIEF OF PAIN 

Control of the agonizing, unrelenting pain 
of acute pancreatitis is of prime considera- 
tion, not only because of the great anguish 
it produces but also because of the vasocon- 
stricting effect of severe pain itself.1? When 
important structures are involved, the ische- 
mic phenomena may determine a fatal issue. 
A variety of pharmacologic and mechanical 
measures are available to effect control of 
cncccceantnnemns 

§ References 1 and 8-11. 
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pain. Their number and diversity should 


warn against the adoption of too sanguine 
an attachment to any one of them. Use of 
a combination of these various measures 
often is required to effect satisfactory relief. 

Analgesic Agents—Morphine sulfate, 10 
to 15 mg.; dihydromorphinone (Dilaudid ) 
hydrochloride, 2 to 4 mg., and meperidine 
(Demerol) hydrochloride, 100 to 150 mg., 
have proved useful. These agents relieve 
pain by their central action. Morphine and 
its derivative dihydromorphinone possess the 
more powerful analgesic and sedative actions, 
but they increase tension in the smooth mus- 
cle of the digestive tract and pancreatico- 
biliary ductal apparatus, facts which have 
diminished enthusiasm for their usage. Be- 
cause of their marked capacity to produce 
addiction, these agents are particularly un- 
suited for use in repeated and frequent 
recurrences of pancreatitis. 

Nonopiate analgesics, although less addict- 
ing and less depressant, are also less effec- 
tive. Meperidine hydrochloride often is rec- 
ommended as the analgesic of choice for 
use in pancreatitis, but it also increases ten- 
sion in the musculature of the upper gastro- 
intestinal tract and sphincter of Oddi, though 
to a lower degree and of shorter duration 
than the opiates. Even so, typical attacks 
of biliary colic following administration of 
merperidine hydrochloride have been known 
to occur in persons with disease of the biliary 
tract.. The spasmolytic effects of this agent 
are mostly confined to the lower intestinal 
tract.'* 

Intravenous administration of 0.1% solu- 
tion of procaine hydrochloride has been used 
for relief of pain of acute pancreatitis,’® 
but the analgesia obtained is highly variable, 
and unpleasant or dangerous side-effects are 
not infrequent.# 

Agents Acting Directly on Smooth Mus- 
cle—Spasm of the duodenal musculature, 
the sphincter of Oddi, and the pancreatico- 
biliary ductal apparatus often is considered 
as either a primary inciting or a contributing 


{ References 13 and 14. 
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factor in the development of episodes of 
acute pancreatitis.’® Relief of spasm in the 
upper digestive tract becomes an important 
consideration, not only from the standpoint 
of relieving pain but also as a rational 
measure designed to influence the course 
of the this 
spastic element may be directed at the 


disease. Measures to relieve 
muscle itself. Inhalation of amyl nitrite,* 
sublingual administration of 0.4 to 0.6 mg. 
of glyceryl trinitrate (nitroglycerin),7 or 
the 250 to 
500 mg. of aminophylline,*! (theophylline 
ethylenediamine) all have a very salutary 


intravenous administration of 


muscle-tension-relaxing effect in the struc- 
tures involved, even when this tension has 
been increased by the use of morphine or 
other analgesics. Unfortunately, duration of 
the effect of these agents is short and on 
occasion the presence of hypotension renders 
their 
administered intravenously in amounts of 
10 to 20 cc. of a 10% solution, although 
primarily directed at correction of deficiency 


use injudicious. Calcium gluconate 


of calcium salts in the blood, also is reported 
to have 
Further 
phenomena contributing to pain in pancrea- 


a valuable antispasmodic effect.** 
attack on the spastic and other 


titis may be obtained by use of the follow- 
ing group of agents, whose action is at 
the effector cells of the autonomic nervous 
system. 

Autonomic Blocking Agents.—Two groups 
of these autonomic nervous system blocking 
agents have proved useful. The sites of their 
action are diverse. The first group exerts 
its principal action at the site of the effec- 
tor cells supplied by the parasympathetic 
nerves, namely, at the smooth muscle and 
the exocrine gland cells. Their action is 
parasympatholytic. Atropine sulfate, 0.4 to 
0.6 mg. parenterally,t repeated at three- 
to four-hour intervals, is a well-known and 
effective agent of this type. 

Methantheline (Banthine) bromide is an 
effective postganglionic blocking agent, par- 

* References 8, 10, and 16. 

+ References 18-20. 
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ticularly useful in the management of pan- 
the upper 
gastrointestinal tract is marked.§ Adminis- 
tration of 100 mg. of methantheline bromide 
intravenously or intramuscularly occasion- 
ally may relieve the pain of pancreatitis 
without use of narcotics. Usually, however, 


creatitis, since its action on 


this good fortune is not encountered. It 
produces a depressant effect on motility and 
on the tension of ductal and upper intestinal 
tract musculature as well as secretory de- 
pression of the stomach and pancreas. Pro- 
pantheline (Probanthine) bromide exhibits 
similar marked upper digestive tract effects. 
It, also, is an effective adjunct in the 
management of acute pancreatitis when given 
parenterally in 15.0 to 30.0 mg. doses. When 
either methantheline or propantheline 1s 
given intravenously it should be adminis- 
the 
drip. Each of these drugs may be repeated 


tered in form of a slow intravenous 
at six-hour intervals. The mechanism by 
which these agents relieve pain resides in 
their capacity to suppress gastric and pan- 
creatic secretion and relax ductal and duo- 
denal muscle spasm. These agents also have 
a ganglionic blocking action, but it is weak 
and probably not significantly achieved by 
the usual dosage employed.** 

Autonomic blocking agents of the second 
group exert their principal action in the 
autonomic ganglia, where they effectively in- 
both sympathetic 


terrupt transmission of 


and parasympathetic impulses. Tetraethyl- 


ammonium (Etamon) chloride given slowly 


intravenously in a dosage of 2 to 5 ce. of 
a 10% solution has been useful in the treat- 
ment of acute pancreatitis.|| Its clinical effec- 
tiveness rarely lasts longer than an hour, 
unfortunately, and while intramuscular ad- 
ministration prolongs effectiveness, this 
route of administration requires injection 
of large amounts of fluid and is painful. 
In general, methonium compounds are more 
effective blockading agents. Hexamethonium 
250 


gavage, 


(Bistrium) bromide, mg. every 12 


hours, administered by has been 


10, 20, and 25. 
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useful in certain instances. Irregular 
responses to this agent, owing to erratic 
absorption, seem to interdict this route of 
administration in acutely ill subjects. Paren- 
teral administration of hexamethonium bro- 
mide has a more predictable response. In 
the acutely ill subject a maximum of 25 
to 50 mg. of the salt given in fractional 
the 
blood pressure is being measured frequently, 


amounts slowly intravenously, while 
has been effective. This dosage may be re- 
peated after four to six hours. The occur- 
rence of hypotensive syncope is not a prob- 
lem in therapy with hexamethonium com- 
pounds in acute pancreatitis, since these 
patients are maintained in a horizontal or 
slightly head-down position. Caution against 
hypotensive episodes should nevertheless be 
exercised. Even the presence of hypotension 
the 


blockading agents, and measures detailed 


does not render unwarranted use of 


later for the control of shock are effective 
after their use. 

The exact mechanism by which pain is 
relieved by these agents is uncertain. Affer- 
ent visceral pain impulses probably are in- 
hibited, but the depressant effect on secretory 
activity of the stomach and pancreas along 
with the inhibition of ductal and upper intes- 
tinal muscle spasm and motility also may be 
invoked to explain the salutary effect. 

Mechanical Measures for Control of Pain. 
—Paravertebral sympathetic and splanchnic 
nerve block {| often are employed to relieve 
the pain of pancreatitis. Paravertebral nerve 
block is accomplished by the injection of 
1% solution of procaine hydrochloride bi- 
laterally into the paravertebral area in the 
interspaces from T; through T).. Unilateral 
and bilateral splanchnic nerve block is advo- 
cated by many and is accomplished by the 
injection of 20 to 30 ml. of 1% procaine 
hydrochloride solution into the loose areolar 
tissue anterior to the body of the first lumbar 
vertebra. 

Epidural anesthesia has its advocates # 
effective method 


and seems to be a most 
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for the control of pain. This is accomplished 
by the introduction of a 3% gauge ureteral 
catheter into the epidural space at the level 
the 
maneuvering the tip of the catheter upward 
the 
the 
catheter is permitted to remain until the 


between LL; and Ls and subsequent 


lies in the neighborhood of 
Here 


until it 
interspace between T; and Ty. 
need for pain relief has vanished. .\nes- 
thetic solutions can be injected through the 
catheter as required. This method can be 


especially helpful in frequently recurring 


attacks of chronic pancreatitis, since its 
use obviates employment of addicting opiate 
and nonopiate analgesics during such epi- 
sodes. 

\dvocates of these methods of pain relief 
claim a high degree of success in relief of 
pain. Presumably pain relief is obtained by 
interruption of impulses in the visceral 
atferent nerves which subserve the transmis- 
that 


efficient obtunding of pain is obtained often 


sion of pain stimuli. Despite the fact 
by use of these methods, it is unlikely that 
their use influences the course of the dis- 
fatal 
even though pain has _ been 


ease, since a termination may occur 


satisfactorily 


abolished. 


TREATMENT OF SHOCK AND FLUID IMBALANCE 


Hypotension, decreased blood volume, and 
hemoconcentration are common accompani- 
. shock, 


often associated with severer degrees of pan- 


ments of acute pancreatitis.* Overt 
creatic necrosis, fortunately is much _ less 
common.”* At least a part of these phe- 
nomena as well as the attendant depletion 
of electrolytes results from vomiting, trans- 
udation of fluids or hemorrhage into the 
peritoneal cavity, and effects of extravagated 
pancreatic enzymes into the abdomen or the 
peripheral blood stream. 

For the treatment of overt shock, trans- 
fusions of whole blood, 
100 to 200 cc. of 25% 
serum albumin ™ solution, and dextran solu- 


administration of 

normal human 
tions, as well as other fluids, may be re- 
quired. Administration of normal human 


ee 
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serum albumin has much to recommend it. 
Not only does it have a salutary effect on 
replacement of blood volume'' but it is 
thought to have an antitryptic activity also.** 
The vascular collapse induced by hyper- 
trypsemia justifies cautious use of levarter- 
enol (Levophed) bitartrate as a slowly ad- 
ministered dilute solution. Cortisone acetate 
intramuscularly has been useful in certain 


instances, and when the need is urgent 
hydrocortisone (Cortef), 100 mg. diluted 


in isotonic saline, may be given intraven- 
ously. It has seemed to be lifesaving in two 
personally observed instances. Measurement 
of blood pressure and hematocrit value and 
establishment of a normal urinary output 
indicate adequate treatment of shock. 
Repletion of electrolytes is best accom- 
plished under close laboratory control. How- 
ever, reduced sodium, potassium, calcium, 
and chloride concentrations occur with such 


regularity ** that their replacement may be 
undertaken empirically. Lactated Ringer’s 
solution and Darrow’s solution, both of 


which are available commercially, are con- 
venient forms for administration of these 
electrolytes. Not only the initial losses of 
fluid and electrolytes must be replaced but 
also those resulting from continuous naso- 
gastric suction. Renal function is impaired 
in acute pancreatitis more frequently than is 
generally realized.t When oliguria occurs, 
caution must be exercised in the amount of 
fluid given and the administration of solutions 
containing potassium salts. Losses of cal- 
cium are great so that additional supplies 
of this ion must be furnished in the form of 


10 to 20 ml. of a 10% 


gluconate once or twice daily, as recom- 


solution of calcium 


mended for relief of muscle spasm. 


SUPPRESSION OF PANCREATIC SECRETION 
The temporary suppression of pancreatic 
function is attained by mechanical and phar- 
macologic devices designed to eliminate the 
neural and hormonal stimulants of pancreatic 


All and 


during the acute period. A soft Levin tube 


secretion. food drink is withheld 
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is passed into the stomach, and the tip is 
accurately located near the pylorus. Con- 
tinuous gentle suction is applied except for 
such brief hiatuses as may be required to 
administer drugs by gavage. This application 
of suction appreciable 
amounts of acid gastric juice from entering 


constant prevents 
the duodenum and decreases formation in 
the upper small intestine of the hormonal 
stimulant to pancreatic secretion. Adminis- 
tration of those parasympatholytic and gan- 
glionic blockading agents recommended for 
controlling pain also depresses acid secretion 
in the stomach and further aids in elimination 
of the acid chyme from the duodenum. These 
agents also directly suppress the neural stim- 
uli to pancreatic secretion. 

The beneficial results reported from x-ray 
therapy ** in acute pancreatitis find some 
support in the experimental demonstration 
of dimunition of pancreatic secretion in ani- 
mals by the application of this method.*° 
However, the awkwardness of administration 
of this therapy to severely ill patients, the 
availability of other effective methods of 
the effects 
leave little 


unknown late of 


to 


control, and 


irradiation recommend this 


method of therapy. 


CONTROL OF DISTENTION 


Abdominal distention due to the presence 
of ileus in acute pancreatitis is frequent and 
may present a serious problem, impelling 
prompt therapeutic attention. Usually naso- 
gastric suction will eliminate distention; 
however, it may occasionally be necessary to 
intubate the small intestine in order to relieve 


this symptom. 


DERANGEMENTS 
METABOLISM 


MANAGEMENT OF 


CARBOHYDRATE 


OF 


Elevations of blood sugar to diabetic levels 
are not uncommon with primary attacks of 
pancreatitis,*? but they more frequentiy occur 
with or following the acute episodes of the 
chronic relapsing form of the disease.§ Gly- 
cosuria is common in pancreatitis, but the 
need for insulin therapy is shown by the 
concentration of glucose in the blood, which 


er 


§ References 1 and 7. 
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is also the best guide to the amount required. 
The amounts of glucose solution adminis- 
tered in acute pancreatitis should be carefully 
controlled, and when frank diabetes 1s pres- 
ent the chary use of insulin will be required. 
This caution in the use of insulin is necessary 
because of the well-known parasympatho- 
mimetic effect of hypoglycemia and because 
the rapid disappearance of blood sugar under 
insulin aggravate an 


the influence of may 


existing hypokalemia. [special caution to 


avoid insulin reaction is indicated when 
ganglionic blockading agents are employed, 
since the sympathetic blood-glucose-mobi- 


lizing mechanism is inoperative. 


PREVENTION OF SUPPURATION 

Despite the fact that a bacterial or viral 
agent as a frequent cause of pancreatitis is 
unlikely, experimental studies indicate that 
certain micro-organisms contribute to the 
fatal outcome ** in acute disease. Further- 
more, the late development of suppuration 
in the pancreas and other sites in the peri- 
toneal cavity from secondary infection of 
devitalized tissue is well-known. These clini- 
cal and experimental studies prompt the 
early and vigorous administration of anti- 
biotic therapy in every instance of acute 
pancreatitis. Administration of 600,000 units 
of penicillin procaine intramuscularly every 
12 hours along with oxytetracycline (Terra- 
mycin) hydrochloride or chlortetracycline 
(Aureomycin) intravenously in a dosage of 
0.50 gm. repeated at 6-hour intervals usually 
will adequately suppress the offending organ- 
isms. Although experimental evidence indi- 
cates oral administration to be more effective, 
this route often is not feasible because of 
vomiting, ileus, or the use of constant suction. 

Application of these principles of suppor- 
tive therapy will result in the uninterrupted 
recovery of many patients with pancreatitis, 
but should evidence of spreading peritonitis, 
marked edema and bulging in the flanks, 
acute cyst formation, or deepening jaundice 
appear then appropriate surgical interven- 
tion is required. Recent evidence * that late 
hemorrhage is a frequent cause of death in 
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acute pancreatitis indicates particularly the 
necessity of prompt adequate surgical drain- 
age of tender abdominal masses. Definitive 
surgical procedures are best delayed until 


the acute attack subsides. 


TERMINATION OF TREATMENT 

The decision to discontinue therapy must 
be based on an appreciation of the clinical 
signs of improvement. Abrupt discontinu- 
ation of all therapy should not be undertaken. 
When pain has subsided and analgesic drugs 
no longer are required, when the pulse rate 
and temperature have returned to normal 
limits, when distention has disappeared and 
bowel sounds have returned, and when the 
over-all appearance of the patient warrants, 
cautious discontinuation of therapeutic meas- 
ures and oral feedings are begun. With the 
nasogastric tube in place, suction is discon- 
tinued and small feedings of broths, cream 
soups, skim milk are started. Antiacids 
between feedings are routine. If pain does 
not ensue with the first few feedings, the 
nasogastric tube is removed. Mild sedation 
in the form of oral administration of pheno- 
barbital, 30 mg. three times daily, is wise, 
and either methantheline or propantheline 
bromide is continued by mouth three times 
daily. As rapidly as is tolerated, the diet is 
increased to a bland one given in six small 
feedings a day. The bland six-meal diet, a 
sedative given three times a day, and the 
drug 


administration of an antispasmodic 


should be continued indefinitely. 


PREVENTION OF RECURRENCES 

No program for the management of pan- 
creatitis can be considered as adequate unless 
ample attention is devoted to the prevention 
of recurrences. My own experience indicates 
that recurrences should be expected, as a 
rule. This concept is supported by the many 
studies of patients with acute pancreatitis 
who have been subject to previous acute 
episodes. || 
with piecemeal destruction of the pancreas 


And it is these repeated attacks 


that eventuates into the fibrosis and calci- 
Se 
|| References 2, 9, 10, and 23. 
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nosis of the gland with its associated clinical 
phenomena of malnutrition, steatorrhea, cre- 
atorrhea, and diabetes. 

The prevalence of biliary tract disease in 
association with attacks of acute pancreatitis 
makes careful investigation of the entire 
biliary apparatus mandatory. Furthermore, 
investigation of the upper gastrointestinal 
tract for lesions, such as diverticula, which 
might occlude the pancreatic ductal appa- 
ratus may occasionally yield fruitful results. 
Appropriate definitive treatment 
must be carried out when mechanical factors 
are demonstrated. Available evidence indi- 
cates that this type of therapy is highly effec- 
tive in the prevention of recurrences.** 


surgical 


The frequent association of acute attacks 
of pancreatitis with the ingestion of large 
quantities of food or drink, or both, indicates 
interdiction of alcohol and the prudence of 
ingesting reasonably sized meals as prophy- 
lactic measures. Other gastrointestinal irri- 
tants and stimulants should be avoided. A 
program of mild sedation combined with 
antispasmodic and alkali therapy and bland 
small frequent meals has appeared to be help- 
ful in some instances. 

MEDICAL MANAGEMENT OF CHRONIC 

PANCREATITIS 

Recurrent attacks of acute pancreatitis are 
a prominent part of the clinical picture of 
chronic pancreatic disease. The management 
of the acute episode in no way differs from 
that of the primary acute attack. Fach acute 
attack should lead to a consideration of and 
search for a cause of the recurrence. Medical 
preventive measures as previously detailed 
should always be attempted. However, these 
measures frequently are not adequate, and 
recurrences occur in spite of efforts to pre- 
vent them. 


The meager success of medical therapy in 


controlling recurrent attacks of pancreatitis 
has led to the development of many surgical 
procedures for the treatment of chronic pan- 
creatic disease.{ These procedures range in 
their scope from those designed to control 


{ References 5, 30, and 44. 
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pain only to complete extirpation of the 
pancreas. It is not within the scope of this 
paper to discuss these procedures, but it 
appears that those measures designed to pre- 
vent pain alone are the least satisfactory 
which involve internal drainage 
procedures are somewhat better. Operations 
for the relief of pain alone afford only tem- 
porary relief, and within a period of months 


and those 


pain not infrequently recurs, but with di- 
minished intensity. 

During the progress of chronic relapsing 
pancreatitis the development of frank diabetes 
mellitus should always be suspected. Glucose- 
tolerance curves should be accomplished 
periodically during pain-free intervals in 
order that diabetes may be detected early. 
When diabetes occurs it is usually mild, and 
no differs from the 
of diabetes unassociated with 


its treatment in way 
management 
pancreatitis, unless pancreatic insufficiency 
also is present. Care should be taken to avoid 
insulin reactions. Diabetes becomes more of 
a problem when pancreatic achylia exists 
simultaneously, when the problem of main- 
tenance of nutrition is an additional serious 
problem. 

Maintenance of nutrition in chronic pan- 
creatitis is difficult to accomplish. The diet 
should provide about 30 to 40 Cal. per kilo- 
gram for the normal expected weight based 
on age, height, and bone structure. At least 
75% of the calories should be furnished in 
the form of carbohydrate and protein. Pro- 
tein should be allowed in the amount of about 
100 to 150 gm. per day. Meals should be 
divided into six feedings. Often it is advan- 
tageous to furnish a part of the daily protein 
requirement as a partial hydrolysate. Supple- 
mental vitamin therapy, particularly the fat- 
soluble vitamins, should be provided in ample 
quantity. 

Administration of pancreatin in the form 
of enteric-coated tablets in the amount of 
5 to 10 gm. three times a day is occasionally 
helpful. Likewise, administration of purified 
preparations of bile salts in amounts of 0.3 
gm. three times in a day and sorethytan (20) 
monooleate (Sorlate), 1.5 gm. three times a 
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day, may help promote fat absorption. Cho- 
line, methionine, or other lipotropic sub- 
stances may be recommended empirically in 
an attempt to prevent development of fatty 
liver. 
SUMMARY 

A conservative comprehensive program 
for the supportive, symptomatic, and anti- 
biotic therapy of acute pancreatitis is out- 
lined. Measures aimed at the prevention of 
Management of 
chronic pancreatitis emphasizes control of 


recurrences are stressed. 
painful attacks and surgical measures to in- 
terrupt progress of the affection. In the later 
stages of chronic pancreatitis maintenance 
of nutrition and the control of metabolic 
disturbances are the chief features of medical 


management. 


ABSTRACT OF 

Dr. J. 
fashion typical of him, has presented a compre- 
thorough principles 
the present-day medical treatment of 


DISCUSSION 


Epwarp Berk, Detroit: Dr. in a 


Jones, 
hensive and review of the 
underlying 
acute and chronic pancreatitis. I can add nothing. 
The over-all management of pancreatitis, however, 
transcends medical treatment alone. Moreover, it is 
associated with many problems, most of which are 
still unsettled. While these problems are not prop- 
erly within the scope of Dr. Jones’ presentation, 
they seem pertinent to the topic and are in keeping 
with the tenor of today’s considerations. I should 
like your permission, therefore, to devote the time 
allotted to me to a consideration of some of these 
problems. 

Patients are met in whom a precise diagnosis of 
acute pancreatitis cannot be established despite the 
use of all diagnostic procedures. One is perforce 
required to subject such patients to exploratory 
laparotomy. In such circumstances, my colleagues 
and I have developed the practice of employing 
epidural block as the anesthetic for the operative 
procedure. In the event that acute pancreatitis is 
found, the indwelling catheter in the epidural space 
is permitted to remain and fractional instillations 
of an anesthetic agent are then introduced as often 
as may be necessary to control pain. 

From time to time one sees a patient who pre- 
sents clinical and laboratory features not only of 
acute pancreatitis but also of acute cholecystitis. 
At times the acuity of the cholecystitic process 
demands emergency operation. Our general atti- 
such however, has been ultracon- 


tude in cases, 


servative. It has been our impression that these 
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patients do better if operation can be postponed 
at least until the acute pancreatitis has subsided 
somewhat. 

The patient with chronic pancreatitis who has 
continuing pain and the patient with frequently 
acute pancreatitis present 
problems. It is 


recurring episodes of 


particularly perplexing easy to 
decide in such instances that medical management 
ineffective and that radical 


approach is necessary. The problem arises, how- 


alone is some more 
ever, in selecting the approach, for one is faced 
here with what is veritably a therapeutic night- 
mare. The very fact that so many different sur- 
gical procedures are available for use in the treat- 
ment of chronic pancreatitis is eloquent testimony 
in itself that no single procedure is effective in all 
instances. The operative procedure currently in 
vogue seems to be sphincterotomy. While recent- 
day experience with this operation has not ex- 
tended over a long period of time, sufficient evi- 
dence has already accumulated to indicate that it, 
too, is not a panacea. A serious question 
exists, in my mind at least, whether sphincterotomy 
should be employed whether it 


should be reserved for use only in patients demon- 


very 
uncritically or 


strating evidence of obstruction at the papilla or 
reflux into the pancreatic duct or both. I concur 
in Dr. Bockus’s viewpoint that little or nothing 
would appear to be gained by doing sphincterotomy 
routinely in addition to cholecystectomy in patients 
with chronic relapsing pancreatitis who also have 
cholelithiasis. It has been my experience, as it has 
been his, that many of these patients do quite well 
after cholecystectomy alone. Indeed, there is some 
evidence in the literature to that 
patients with frequently recurring acute pancrea- 


indicate some 
titis may do well after cholecystectomy even if their 
gall bladders are free of stones and apparently 
normal. 

These, then, are but some of the problems that 
beset us. Their solution will require reliable data 
upon which sound judgment may be based and a 
more intelligent therapeutic approach formulated. 

Dr. Sotomon G. Meyers, Detroit: I enjoyed 
Dr. Jones’ paper. There is a discrepancy between 
the mortality rate in acute pancreatitis quoted by 
that Bockus. 
former, 


Dr. Jones and presented by Dr. 
According to the 10% of the 


receiving medical management died, while the latter 


patients 


has cited a figure of 1.6% mortality. 

In a series of 127 patients with acute pancreatitis 
studied at the Detroit Receiving Hospital by Drs. 
Brown, Boone, Henderson, and myself, the mor- 
tality with medical treatment was 16%. The med- 
ical mortality was found to be directly related to 
the severity of the pancreatitis. With a preponder- 
ance of patients with necrotic and hemorrhagic 
mortality was higher. 


types of pancreatitis the 


Many of these cases in our series came to autopsy. 
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VW. 


When the patient was not very ill and recovered, 
it was presumed that acute edematous pancreatitis 
was present. 

In an acute abdominal catastrophe, one must be 
quite certain of the diagnosis of pancreatitis if one 
is to limit the treatment to 
Otherwise, major surgical conditions in the ab- 


medical measures. 
domen would not receive the proper treatment. The 
history and physical findings in acute pancreatitis 
are very similar to those in major surgical catas- 
trophes. The laboratory procedures, as mentioned 
by Dr. Machella, can be misleading. The 
findings of sentinel ileus and basilar atelectasis so 
beautifully demonstrated by Dr. Bockus this after- 
Moreover, 


X-ray 


noon are not specific for pancreatitis. 
the mortality from operating on these patients when 
exploration was the only procedure done was 17% 
in our hands, which was comparable to the medical 
mortality. 
the presence of an abdominal catastrophe which 


Therefore, if there is any doubt about 


would be benefited surgically, there should be ao 
hesitation in operating on such a patient. 
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Current Concept of the 


= joe of the olung 


VERNON E. KRAHL, Ph.D., Baltimore 


A prodigious amount of research has 
clarified many of the problems of 
structure at both gross and microscopic 
levels. The structural 


larger elements of the respiratory tree are 


lung 
components of the 


adequately described in current textbooks 
of histology; there is little disagreement 
concerning them. However, as the respira- 
tory the lung are approached, 
structures become increasingly delicate and 


areas of 


their delineation becomes correspondingly 
more difficult. The point of greatest con- 
tention and the one most difficult to settle 
has been the question of whether or not 
the pulmonary alveolus is lined by a con- 
tinuous epithelium. During the past century, 
hundreds of authors have applied a multi- 
tude of technical procedures in attempts to 
solve this problem and have arrived at 
conflicting conclusions as to the nature of 
the alveolar surface. 

Since an understanding of normal and 
abnormal pulmonary physiology and a ra- 
tional approach to the treatment of lung 
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Association, 


diseases must have as their basis a thorough 
knowledge of the minute structure of the 
lung, this question is of more than academic 
interest. 

The trachea and primary bronchi and 
the generations of branches to which they 
give rise, including the bronchioles, serve 
primarily for the passage of air to and from 
the respiratory areas of the bronchial tree. 
Admittedly, these can be sites of serious 
disease ; yet the majority of clinical entities 
which profoundly affect normal pulmonary 
physiology, such as bronchiectasis, pulmo- 
nary emphysema, pulmonary edema, asthma, 
hyaline membrane disease, et cetera, involve 
more peripheral portions of the bronchial 
tree. In view of their importance and of 
new information which is available concern- 
ing them, the present considerations are 
limited to the terminal airways of the lung. 

Secause limitations of space preclude an 
historical review or even a fair coverage of 
the literature, a few recent special works 
on the lung are cited below, in which the 
extensive bibliographies will serve as an 
introduction to the literature.* This, then, is 
not presented as a review article in the 
rather an 
the 
comprising the true respiratory areas of 


usual sense but is attempt to 


give a concise account of structures 
the lung. Special emphasis will be placed 
upon the structure of the pulmonary alveolus 
considered in the light of some recent work 
on the much-debated question of its lining. 
The definition of a few terms will be helpful 
in the development of the following account. 
For discussions of the terminology of indi- 


LL 


* References 1-4. 
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FINER STRUCTURE OF THE LUNG 


vidual parts and concepts of their arrange- 
ment in groups the reader should consult 
the works of Miller’ and of von Hayek.* 


THE UNIT OF CONSTRUCTION OF THE LUNG 

The Acinus.—An old concept of the acinus 
(Rindfleisch) as the final division of the 
bronchial tree has been shown to be incor- 
rect and is falling into disuse. It is men- 
tioned here simply because it may be en- 
countered occasionally in the literature. The 
acinus as originally described consisted of 
from three to five alveolar ducts representing 
aborizations of very short terminal bron- 
chioles. Anywhere from 2 to 30 such acini 
could constitute a lobule (secondary lobule, 
as defined below ). 

The Secondary Lobule—This is some- 
times referred to simply as a pulmonary 
lobule, although the complete term should 
be used to distinguish this unit from the 
smaller primary lobule, a designation which 
is widely used. Both are useful terms and 
will be defined here. 

Repeated bronchial branching results in 
progressively smaller airways, and_ those 
which have a diameter of less than 1 mm. 
are arbitrarily called bronchioles. These 
bronchioles enter at the apices of roughly 
pyramidal secondary lobules, in which they 
continue to branch and give origin to ele- 
ments described in the paragraph about the 
primary lobule. The pyramids vary greatly 
in height and diameter of base. Since bron- 
chioles may take many directions, it follows 
that their pyramids are variously oriented. 
Those whose bases face the pleura trace 
polygonal outlines upon it and contribute 
to the mottled appearance characteristic of 
the lung surface. The secondary lobules in 
some species (pig, ox, man) are bounded 
by connective tissue septa which extend from 
the pleural connective tissue at their bases 
to the dense sheath of the bronchioles at 
their apices. In animals such as the rat, 
cat, rabbit, and dog, which have a very thin 
pleura, no septal prolongations of the sub- 
serous connective tissue layer are produced 
and so the secondary lobules are not sep- 


arated from each other. Such septa, when 
present, serve to delimit lobular disease and 
to restrict the extension of subpleural blebs. 

Primary Lobules—The bronchiole upon 
entering a secondary lobule produces addi- 
tional generations of branches within it 
leading to terminal bronchioles. The branches 
of the latter differ from ordinary bronchioles 
by the presence of small outpocketings, or 
alveoli, on their walls. Accordingly, these 
are termed alveolar or respiratory bron- 


chioles (Fig. 1). There may be one or 





—-- 
ALVEOLAR SACS 
BEARING ALVEOL! 


Fig. 1—Schema showing the formation and rela- 
tionships of the last orders of branches of the 
bronchial tree. (Based on a diagram by W. S. 
Miller, “The Lung,” Charles C Thomas, Pub- 
lisher.1) A, atria; A.D., alveolar ducts; Br., bron- 
chiole; R. Br. respiratory bronchiole. 


several orders of respiratory bronchioles, 
the last of which branches into long hallways, 
or alveolar ducts, bearing many alveoli. The 
next order of branches, described by Miller ? 
in the cat, dog, and man, arises from the 
distal end of the alveolar duct in the form 
of one to six approximately spherical en- 
closures called atria. These, however, are 
not described by all workers. Atria give 
rise to a variable number of projections, 
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the alveolar sacs, which bear the terminal 
alveoli. The unit of structure shown in 
Figure 1, consisting of an alveolar duct, 
atria, alveolar sacs, and alveoli, plus their 
accompanying nerves, blood, and lymph ves- 
sels, is the primary lobule of the lung. 


STRUCTURAL ELEMENTS OF PULMONARY 


LOBULES 


Bronchioles.—A\though bronchial branches 
of less than 1 mm. are considered bron- 
chioles, a criterion other than size would 
be desirable. The diameter as measured in 
a section is certain to be different than that 
in the living lung. There is an initial col- 
lapse of the lung when it is removed, in- 
volving primarily the smaller airways, fol- 
lowed by shrinkage produced by the action 
of fixing agents. The degree of shrinkage 
will depend in some measure upon the 
fixative used and the method by which it 
is applied (immersion ; intrabronchial instil- 
lation, with or without pressure). 

The walls of bronchioles are characterized 
by a high proportion of muscle, but they are 
devoid of cartilage. Bronchioles and their 
branches enter the substance of the respira- 
tory tissue, and so they are attached all 
about to the elastic spongework of the lung. 
Thus, upon inspiration, they are subjected 
to a circumferential pull, obviating the need 
for cartilaginous rings to maintain an open 
bronchiolar lumen. At the same time, the 
absence of cartilaginous supports permits 
an occlusion of the lumen by the contrac- 
tion of the bronchiolar smooth musculature. 

Passing peripherally, we find that the epi- 
thelial cells of the lining are reduced in 
height. Glands, fortunately, are scarce or 
lacking here, for an accumulation of secre- 
tion in such small tubes might cause a 
serious blockage. The membrane lies upon 
an elastic lamina propria with elastic fibers 
running parallel to the long axis of the 
tube. External to this is the muscular layer, 
supported by connective tissue. 

Respiratory Bronchioles—Terminal bron- 
chioles produce the next order of branches, 
the respiratory bronchioles, so called because 
of the presence of alveolar respiratory ele- 
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ments upon their walls. At the transition 
from bronchiole to respiratory bronchiole 
the cells of the epithelial lining decrease in 
height from columnar to cuboidal. In sec- 
tions, however, the epithelium is seen only 
along stretches of the bronchiolar wall which 
lie between adjacent alveolar entrances. At 
the termination of the last in a short series 
of respiratory bronchioles the cuboidal epi- 
thelium suddenly attenuates and seems to 
disappear so that the airways distal to 
this point appear to have little or no epi- 
thelial lining. 

Alveolar Ducts —The 
branches arises from a respiratory bron- 


next order of 
chiole as two or three and sometimes more 
elongated passages named alveolar ducts. 
They have extremely delicate linings, and 
the walls are deeply indented by the bands 
of smooth muscle _ that them. 
Alveolar ducts are the most peripheral 
airways to possess muscular components. 
The elastic fibers, continue pe- 
ripherally to the terminals of the bronchial 


surround 


however, 


tree. 

Like doors entering upon long corridors, 
except that here they are present also in 
floor the openings of 
numerous alveoli which beset the walls of 


and ceiling, are 
alveolar ducts. The alveolar ducts terminate 
in rotunda-like the 
Some workers, notably Miller,’ would inter- 
pose a stage, the atrium, between these two 
(Fig. 1). Miller has described atria in the 
cat, dog, and man, but authors of current 


spaces, alveolar sacs. 


textbooks of histology and monographs on 


the lung either neglect to mention them or 
else allude to them as “minutiae.” Further 
study seems warranted to clarify the status 
of the atria. 
Alveolar Sacs—A_ variable number of 
more or less spherical spaces surmount the 
tips of alveolar ducts, and these are the 
alveolar sacs (Figs. 1 and 2). Their walls 
are thin, consisting primarily of a rich cap- 
illary net lined by an extremely thin epi- 
thelium, supported by elastic fibers, reticulum, 
and a few collagenous fibers, but they are 


devoid of smooth muscle. 
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Fig. 3.—A, peripheral area of fresh lung of new- 
born mouse prior to inflation in transparent lung 
chamber. Partially collapsed airways extend into 
peripheral zone of primary atelectasis. B, compar- 
able area of a lung of similar age after redistention 
of collapsed airways and inflation of more distal, 
previously atelectatic branches of respiratory tree. 
Note plump, rounded normal contours and size of 
the airways. Both A and B were photographed at 
the same magnification; x 75. 







































Fig. 2—An alveolar sac, cut at its opening into 
an atrium. Elastic fibers encircle the junctional area 
and form a network about the sac. Semidiagram- 
matic. (From W. S. Miller, “The Lung,” Charles 
C Themas, Publisher.*) 


In the more proximal divisions of the 


bronchial tree elastic fibers run mainly 
parallel to the long axis of the airway and 
thus are put on the stretch longitudinally, 
but those fibers which extend out into the 
walls of alveolar sacs and alveoli form com- 
plex networks which both prevent over- 
distention in the absence of smooth muscle 
and preserve the shapes of these structures 
(Fig. 2). 

Alveoli—rThe terminals of the bronchial 
tree, borne by the alveolar sacs, are the 
(Fig. 2). 


alveoli Usually three or four 


alveoli are found on each sac. One does 


not gain a true impression of the shape of 
the alveolus or, for that matter, of any of 
the finer airways from plastic reconstruc- 
The the 


sac seem folded and collapsed, as indeed 


tions of fixed sections. walls of 
they must be, and the alveoli appear as 
irregular bulges between the folds. To see 
the the 


bronchioles and the branches distal to them 


normal contours of respiratory 
it is necessary to examine fresh lungs that 
have been redistended to their normal size. 
This has been done by placing the lungs of 
young mice in a sealed transparent chamber 
in which they are gradually reexpanded 
under negative pressure and observed micro- 
scopically.f Such a lung is shown in the 
collapsed and partially inflated conditions 
in Figure 3. 

In the lung of a newborn mouse, only the 
central portions are inflated at first. Periph- 
eral areas remain atelectatic for a week or 
more, and the distal generations of branches 
already formed in them are gradually entered 
and expanded by air. This process can be 
accelerated in the lung chamber, and the 
inflation of each new order of branches can 
be followed and photographed, as in Figure 


LT 
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FINER STRUCTURE OF THE LUNG 
4, or recorded in motion pictures.’ It permits 
studies on the mode of branching, number 
of branches, and their mutual relationships 
and sizes without resorting to the tedious 
technique of plastic reconstructions. More- 
over, the terminals are displayed in their 
normal, plump rounded contours and not as 
irregular collapsed spaces. 

When they are examined at higher mag- 


nification the relationship of alveolus to 


Fig. 5. 


The 


alveoli are shaped like shallow bowls, that is, 


alveolar sac may be seen. terminal 


they open widely into the cavity of the sac 
(Fig. 5). This arrangement favors the 
aeration of alveoli, since air moves at its 


slowest rate in terminal and it 


can eddy in and out of a wide alveolar 


passages 


mouth more readily than it might through a 
constricted orifice. 


Alveoli are similar in construction wher- 
ever they are found (on respiratory bron- 
chioles, alveolar ducts, or alveolar sacs). 
The walls, like those of alveolar sacs, con- 
sist primarily of a rich capillary network 
which is, in the last analysis, the true lung. 
All other structures in the lung are there 
merely to serve the pulmonary capillaries, 
support, 


as conduits for air, for and to 


maintain a clean respiratory surface. The 


PK agit 


An alveolar sac near the ventral margin of the lung, bearing subpleural alveoli. Note 
wide aiveolar openings into sac. Drawn from a projected frame of a motion picture taken of a 
freshly removed mouse lung during expansion with air in the lung chamber. 


alveolar epithelium (about which more will 


be said later) rests upon a network of 
reticulum which is interwoven about the cap- 
illaries. There is also a network of elastic 
fibers mentioned previously and a few col- 
lagenous fibers, but the chief framework of 
alveolar walls is the network of surface and 
internal reticulin membranes.!2 Smooth mus- 
cle is absent, since muscle bands are found 
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peripherally only as far as the ends of 
alveolar ducts. The alveoli borne by alveolar 
ducts and respiratory bronchioles do not 
derive muscular elements from them. The 
openings of such alveoli, however, are en- 
circled by smooth muscle bands, and to this 
extent they differ from terminal alveoli. 
Postmortem changes and fixation shrinkage 
may account for the somewhat constricted 
entrances seen in alveoli which open into 
air tubes. For a discussion of the physio- 
logic role of these muscular entrance rings, 
see von Hayek.* 


LUNG DEVELOPMENT AND THE NATURE OF 


THE ALVEOLAR LINING 


Concerning the controversy over whether 
or not the alveolus has a continuous epi- 
thelial lining, new evidence is rapidly accu- 
mulating which should soon settle this 
century-old debate. The pertinent literature 
is too voluminous to be adequately covered 
here, but the few articles cited below will 
serve as an introduction to it. 

The investigators whose work has led 
them to conflicting conclusions may be 
divided into two principal groups. The one 
believes that the postnatal alveolar walls 
have no continuous epithelium and that the 
capillaries are indeed as naked as they seem 


upon microscopic examination. The second 
group, while differing as to the special fea- 
tures of the cells involved, feels that there 
is a continuous epithelial alveolar lining, 


but one which, by reason of its extreme 
thinness, is extremely difficult to demon- 
strate. 

One’s concept of the adult alveolar surface 
is determined in large measure by his views 
on lung development. Here again, there have 
been differences of opinion. In its early 
development the lung consists of a system 
of branching epithelial tubes of endodermal 
origin that form the linings of the future 
branches of the bronchial tree. Mesenchymal 
condensations around the tubes furnish the 
connective tissue elements of the walls. 
Around the fifth month of development 
structures corresponding to alveolar ducts 
and alveoli appear at the tips of branches. 
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At this stage the lung is compact, not 
spongy, and, microscopically, it closely re- 
sembles a tubuloalveolar glandular structure. 
The epithelial cells vary from columnar to 
cuboidal and form a _ continuous layer 
throughout the tubes. 

What happens during the last one-third 
of gestation has been argued extensively. 
Many workers, among them Flint,’* Ben- 
der,'* Bensley and Groff,> and Cooper ** 
have held that the glandular nature of the 
lung is retained until about the time of 
birth. Then the bronchial tree is greatly ex- 
panded by the influx of air, with the result 
that the lining cells of the terminal branches 
are stretched out from a cuboidal to an 
extremely thin squamous type. According 
to this view, then, the squamous cells would 
still form a continuous lining for alveolar 
ducts, sacs, and alveoli in the postnatal lung. 
Opposed to this view are Stewart,’ Palmer,*® 
Barnard and Day,'® Clements,?° and Ham 
and Baldwin,** who report that in the later 
stages of gestation the epithelial lining of 
the terminals becomes discontinuous, per- 
mitting naked capillaries to rise to the sur- 
face between the separated cells. This would 
mean that after birth the structures of mesen- 
chymal origin in alveolar walls would come 
in direct contact with the inhaled air. In 
other words, a condition of normal or physi- 
ologic interstitial emphysema would exist 
in the lung tissues. The implications carried 
by this second view are discussed by Ham 
in his textbook.** 

It occurred to that the fate of the 
continuous prenatal epithelium might be 
learned by observing the alveolar lining while 
the alveolus underwent its initial expansion. 
The mouse lung was selected because of its 


me 


small size and translucence. It was then dis- 
covered that while the proximal airways 
were well-opened prior to birth the periph- 
eral ones remained atelectatic for a time 
postnatally. When the fresh lungs of new- 
born mice were examined during expansion 
with Ringer-Locke solution, the cuboidal 
epithelial cells of the atelectatic alveoli were 
seen to stretch, flatten ; then suddenly (more 
rapidly than the eye could follow) the mem- 





Fig. 6—Examples of the epithelial lining of 
alveolar walls, pushed off as a continuous sheet by 
serous exudate in cases of pneumonia and mitral 
stenosis (A, B, and C, « 440; D, x 250). (From 
W. S. Miller, “The Lung,” Charles C Thomas, 
Publisher.1) 


brane appeared to lose its identity as a con- 
tinuous layer of cells, leaving only what 
seemed to be isolated cells spaced along the 
walls. These were recognized as the well- 
known septal cells, or epicytes. In the 
intervals between them lay apparently naked 
capillaries. 

It is difficult indeed to believe blindly in 
the existence of an invisible structure, and 
many have simply concluded that the alveolar 
surfaces of pulmonary capillaries are naked. 
Others, through various lines of reasoning, 
special staining, tissue culture, reference to 
pathologic material, and by experiments have 
attempted to prove otherwise. Miller,’ for 
example, has found thin epithelial mem- 
branes apparently raised off the alveolar 
walls by an accumulation of serous exudate 
in cases of pneumonia and mitral heart 


disease (Fig. 6) as well as alveoli lined by 
cuboidal epithelium in cases of broncho- 
pneumonia, interstitial pneumonia, and in 
Hodgkin’s disease. Cowdry ** shows photo- 
micrographs of the lungs of sheep afflicted 


with a tumor-like disease in which there 
is a hyperplastic alveolar epithelium. While 
such evidence suggests that these membranes 
represent displaced and swollen, or hyper- 
plastic, epithelium which is normally much 
thinner, it loses some force by reason of 
the pathologic nature of the material. At- 
tempts to raise the alveolar epithelium in 
mammalian lungs by producing pulmonary 
edema through the introduction of agents 
such as alpha-naphthyl thiourea (ANTU) 
have not been successful.** 

However, examples of detached alveolar 
epithelium in normal mammalian lungs are 
not wanting. Bensley and Groff,’® for in- 
stance, in a paper reporting the persistence 
until term of cuboidal alveolar epithelium in 
rat fetuses, found that successive inspirations 
just before and after birth stretched the epi- 
thelium into a thin membrane. Under certain 


conditions, such as moderate distention of 
the lung, delayed or differential fixation, or 
by moderate maceration and some good luck 
these authors could display the epithelial 
membrane lifted off the capillaries of the 
alveolar wall. Miller, too, found evidence 
of a continuous alveolar epithelium in im- 

349 





Figure 7 


(See legends on opposite page) 





FINER STRUCTURE OF THE LUNG 
perfect sections. He shows a torn section 
of a normal partly collapsed lung with the 
alveolar epithelium pulled off as a continu- 
ous sheet. My findings in late fetal and 
newborn mice ** closely parallel those of 
sensley and Groff ** in the rat. As mentioned 
above, the newborn mouse lung has periph- 
eral areas of primary atelectasis in which the 
alveoli are lined by continuous cuboidal 
epithelium, persisting for some days follow- 
ing birth. As the expansion of the terminal 
airways proceeds gradually from central to 
peripheral, the atelectatic zone is progres- 
sively reduced and finally disappears in 
about a week. It was expected that during 
this period there should exist areas of 
transition from the seemingly unlined air 
spaces to those retaining their cuboidal 
epithelial linings, and such areas were sought. 
In the preparation of some late fetal and 
neonatal lungs for sectioning there evidently 
occurred some deviations from our usual 
technical procedure. The result was a series 
of badly shrunken and distorted lungs which, 
by ordinary standards, were poor indeed. 
Yet the violent shrinkage of the epithelium 
which occurred proved most interesting and 
instructive. 

Figure 7 illustrates the lungs of fetuses 
one day prior to birth and of animals which 
had breathed for one day. These lungs show 
cellular alveolar linings in various degrees 
of attenuation. They are graded in thickness 
from cuboidal cells, through stages wherein 
they are more flattened, down to the merest 
films of cytoplasm, and sometimes the entire 
transition can be made out in a single alve- 
olus. That the epithelium is a continuous one 
is easily seen because the entire layer of 
thickness, has been 


cells, regardless of 


shrunken away from the capillaries and other 





contents of the alveolar walls. It is likely 
that the extreme attentuations seen in some 
areas, if closely applied to a capillary wall, 
would appear to be capillary endothelium 
the 

additional 


alone when viewed with conventional 


microscope. Undoubtedly, ex- 
amples of such raised epithelium could be 
supplied by others who have had _ similar 
experiences. Such findings support Miller’s 
belief that the raised epithelial membranes 
found in cases of pulmonary edema repre- 
sent the original alveolar linings pushed 
off the serous 


exudate 


walls and swollen by the 
beneath. 

The concept of naked pulmonary capillar- 
ies has been struck a telling blow by the 
beautiful electron photomicrographs of alve- 
olar walls published by Low.¢ These pictures 
(Fig. 8) show that the alveolar epithelial 
cells, or epicytes, which are distributed over 
the alveolar walls actually send out long 
fine cytoplasmic extensions which cover the 
alveolar surfaces of the capillaries. These 
attentuated portions of the cells vary in 
thickness, but they measure on the average 
0.24 and sometimes only 0.02u. Thus, there 
is an epithelial alveolar lining, as many have 
suspected, but since its attentuated portions 
are at or beyond the practical limits of 
resolution of the light microscope, it is only 
rarely that the epithelial continuity can be 
appreciated with this instrument. 

Epicytes, Septal Cells, and Alveolar Epi- 
thelial Cells —The terms epicyte and septal 
cell are often used interchangeably to denote 


the apparently isolated cells, easily seen with 


an ordinary microscope, which are scattered 
about the walls of pulmonary alveoli. The 
cells may rest on the alveolar surface and 
bulge slightly into the alveolar lumen or 


ee 
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EXPLANATION OF FIGURE 7 


Fig. 7—Photomicrographs of mouse lungs in which the shrinkage caused by reagents has 
separated the alveolar epithelial lining from the alveolar walls. A and B show deeply placed 
alveoli; C is a section through a thin marginal portion of the lung showing subpleural alveoli. 
A, fetus, 20th day. Note continuous alveolar epithelium. B, an adjacent section of the same lung, 
showing a wide range in the degree of attenuation of the epithelial cells. C, newborn, one day old. 
Alveoli in peripheral areas retain a cuboidal epithelium for about a week following birth. The 
epithelium here shows less cytoplasmic attenuation than in A and B. Formalin 10%, hematoxylin 


and eosin; X 900. 
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Figure 8 
(See legends on opposite page) 
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else be embedded or countersunk into the 
alveolar wall. Their cytoplasm has a rather 
granular appearance owing to the presence 
The 


term septal cell is not an apt one, since the 


“cc 


in it of numerous clear ‘“‘vacuoloids.” 
cells in question occur not only upon the 
interalveolar partitions or septa but upon 
the marginal bases of subpleural alveoli. 
Both terms have been used extensively, in 
particular by those who view them as iso- 
lated cells, separated by distances occupied 
by naked capillaries. Consequently they have 
come to connote individual cells and not 
components of a continuous sheet of tissue. 
In the face of actual electron photographs of 
the nucleated epithelium which lines pulmo- 
nary alveoli of various mammals, including 
man,§$ even the most ardent adherents of 
alternate views of alveolar structure must at 
last admit its presence. These pictures to- 
gether with various pieces of direct and 
forceful pre- 


evidence, arguments 


Miller,t Cowdry,** and_ others, 


plus some personal observations *° have con- 


indirect 
sented by 


vinced me of the reality of the alveolar 
epithelium. The so-called epicytes, then, are 
not remnants of a once continuous mem- 
brane, or “residual” epithelial cells, but are 
the thicker parts of cells which form a con- 
tinuous alveolar lining. Only the portion of 
the epicyte containing the nucleus and peri- 
nuclear cytoplasm is ordinarily visible, since, 
as mentioned above, the cytoplasmic attenua- 
tions lie at or below the practical limits of 
resolution of the light microscope. If the term 
epicyte is understood to mean a cell taking 
part in the formation of the pulmonary alve- 
olar epithelium, there should be no objection 
to its use. However, for complete clarity it 
allt 
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would seem best to simply call the cells in 
question pulmonary alveolar epithelial cells, 
for this is what they are. 

Alveolar epithelial cells are extremely 
plastic and adaptable. They appear to have a 
number of roles, the chief of which may be 
to serve as the first line of defense of the 
respiratory surfaces under adverse condi- 
tions. Their efficiency in absorbing liquids 
and gases is well known, and there is some 
evidence that they may also have a secretory 
function. That epicytes may enlarge and pro- 
liferate to form visible membranes has been 
reported by a number of workers. Macklin,” 
among others, has considered them to be 
capable of remarkable metamorphosis into 
larger cells which may rest on the alveolar 
walls or be set free in the alveolar space. 
Some of these have been termed alveolar 
‘foam cells” because of the appearance of the 
cytoplasm, rich in vacuoloids. Some foam 
cells are usually found in normal lung sec- 
tions if carefully sought, and many others 
are probably lost from alveolar lumens in 
carrying out the histologic techniques. | 
have seen numerous cells having the cyto- 
plasmic attributes of foam cells in alveoli 
of fresh intact lungs. Their production is 
apparently stimulated by infective agents, for 
they are abundant in certain diseased lungs. 
They may be real or potential phagocytes. 
Macklin? has found them in intermediate 
stages which link them with the well-known 
of the lung, which are undoubt- 


, 


“dust cells’ 
edly phagocytic. Being free, dust cells laden 
with ingested particles may move along the 
nonciliated passageways until picked up and 
propelled upward and outward by the mucus 
more proximal 


stream present in the 


branches of the bronchial tree. 


EXPLANATION OF FIGURE 8 


Fig. 8.—Electron micrographs of alveolar wall, human lung. A, epithelial cell body (EPCB) 
on upper surface of alveolar wall attenuates abruptly into a cytoplasmic prolongation (ATEP) 
which covers the underlying capillary; « 7200. B, the epithelial cell and capillary of A at higher 
magnification to show greater detail at the point of attenuation. The distinction between attenu- 
ated epithelium (ATEP) and capillary endothelium (END) is best seen near the epithelial cell 
body where the tissue space (TSP) just beneath it is prolonged for some distance between the 
epithelium and the capillary wall; 25,000. (From Low, F. N.: Anat. Rec. 117:241-263 [Oct.] 
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Courtesy of Dr. Frank N. Low, Louisiana State University School of Medicine, and 


Dr. Edmond J. Farris, Executive Director of the Wistar Institute of Anatomy and Biology, 


Philadelphia. ) 
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In freshly removed lungs of newborn mice, 
expanded with Ringer-Locke solution and 
observed for an hour or more, I have seen 
alveolar epithelial cells round up, become 
more prominent, release themselves from 
the wall, and drift about in the fluid-filled 
lumen. Numerous large free cells are a reg- 
ular finding in the peripheral alveoli of 
mouse lungs at birth, and they increase in 
number from 1 or 2 to as high as 10 per 
alveolus during the first week of life. They 
resting 
are al- 
the act 


are usually found embedded in or 
upon masses of tiny globules which 
as if in 








ways present at this time, 
of devouring them. The source and 
cance of these globule masses require fur- 
ther investigation. Also deserving of further 
study is the question of whether all alveolar 
phagocytes are of endodermal epithelial 
origin or whether some may be ordinary 
macrophages and thus belong to the reticulo- 
endothelial system. Their relative quantities 
in healthy and diseased lungs and possible 
differences in their behavior are subjects of 
interest. 


signifi- 


SUMMARY AND CONCLUSIONS 


The lung is an organ which serves pri- 
marily to bring air quickly into intimate 
relationship with a large quantity of blood, 
permitting a rapid transfer of respiratory 
gases from one to the other. The rich pul- 
monic capillary networks, therefore, are the 
important structures in the lung, and all of 
its other components are there merely to 
serve them as supporting mechanisms, as 
conduits for the gases, to keep the respiratory 
surfaces clean and in good repair, and to 
serve as defense mechanisms. 

Prior to birth the epithelial linings in 
many of the finer airways begin to stretch 
and thin out in preparation for postnatal 
respiration. The more peripheral areas of 
the lung are the last to become prepared in 
this way, and their epithelial attenuation 
may not be achieved until some days after 
birth. Postnatally, the respiratory areas of 
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the lung are lined by a layer of epithelium 
which, although extremely fine, is continu- 
ous with that lining the more proximal por- 
tions of the bronchial tree. The cuboidal 
epithelium of respiratory bronchioles atten- 
uates abruptly at the mouths of alveoli borne 
by them and at the points of branching of 
respiratory bronchioles into alveolar ducts. 
A great portion of the lining membrane is 
too thin (0.24 and even less) to be dis- 
tinguished with the conventional microscope. 
Only the thicker portions of the epithelial 
cells, containing the nucleus and perinuclear 
cytoplasm, are usually visible. These visible 
portions, considered by some as entire cells, 
have been called septal cells or epicytes. 
Being modified elements of the original 
epithelial lining of the bronchial tree, the 
alveolar epithelial cells are endodermal in 
origin. 

The cells which line the alveoli are very 
adaptable and versatile; they can adjust to 
varying degrees of alveolar expansion and 
proliferate and enlarge in disease and in 
response to various noxious agents. Individ- 
ual cells of the alveolar epithelium can 
undergo metamorphosis and be transformed 
into larger free cells when the need arises 
and phagocytic properties. Such 
modified cells are sometimes found occupy- 


exhibit 


ing Openings in interalveolar septa (alveolar 
pores). Dust cells often contain numerous 
inclusions of foreign particles and undoubt- 
edly represent an important means of re- 
moving particulate matter from airways 
distal to those furnished with other methods 
of eliminating fine debris (cilia, mucus). 
Some of the phagocytes which appear in the 
air spaces may not be of endodermal origin, 
as are those just mentioned, but may be 
ordinary macrophages and thus belong to 
the reticuloendothelial system. 

Since the terminal air spaces of the lung 
are lined by epithelium, they should not be 
considered to be sites of a normal interstitial 
emphysema. Those who hold the view that 
alveoli are spaces within connective tissue 
explain the production of new generations of 
terminal branches of the respiratory tree as 
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an infiltration of air into this tissue, re- 
sulting in the opening up of new spaces. 
But, with the demonstration of a cellular 
alveolar lining, a more reasonable expla- 
nation of the postnatal growth of new air- 
ways would be a proliferation of the lining 
cells and an outgrowth of new alveoli from 
the existing spaces. 

The knowledge that there is a continuous 
cellular alveolar lining will aid in explaining 
the rapid production of epithelial membranes 
in a number of pulmonary diseases. It should 
also influence the thinking of those con- 
cerned with the administration of medication 
through the inhalation of mists and of those 
interested in the irritating and possible car- 
cinogenic influences of smokes and other in- 
haled particles upon the pulmonic mem- 
branes. 

The present understanding of pulmonary 
anatomy and physiology is far from com- 
plete, and the unanswered questions concern- 
ing lung growth, phagocytosis, pulmonary 
circulation, and the effects of ageing on 
pulmonary structure and function, to men- 
tion just a few fertile areas for study, 
require attention. With fine instrumentation, 
histochemical techniques, electron micros- 


copy, and other research implements already 
at our disposal and others sure to follow, the 
lung offers some challenging and attractive 
opportunities for further investigation. 


ABSTRACT OF DISCUSSION 

Dr. Juttus Lane Witson, Philadelphia: Dr. 
Krahl’s new technique and the resulting observa- 
tions have furnished new information about the lung 
which may prove to be of clinical importance. This 
advance added to the demonstration with the elec- 
tron microscope by Low proves that a true alveolar 
epithelium does exist, although it is so thin as to be 
invisible to the ordinary microscope. The opinion 
of William Snow Miller, that such an epithelium 
must exist, has been verified. We must henceforth 
think of the functions and disease states of a pecu- 
liar type of body cell, the alveolar epithelial cell. 

This cell, with its extremely attenuated cyto- 
plasm, stands guard between the intercellular spaces 
of the body and the hostile outside world as it 
extends into the alveolus of the lung. Air freely 
admitted into the tissue spaces might cause perpetual 
interstitial emphysema. Moreover, the naked capil- 


laries require protection from the endless bombard- 
ment of molecules of the gases which fill the alveoli 
as well as from the particle of dust, the spore, the 
bacterium, or the virus occasionally penetrating to 
the alveolus. The police action of the phagocytes, 
whether they originate from the epithelial cells 
themselves or from the blood, must be called into 
play, if possible, before invasion of the tissues rather 
than after. 

It is now easier to understand the absorption of 
soluble medications administered by aerosol. The 
fine droplets, reaching the alveolus and wetting the 
surface of the alveolar epithelial cells in a mono- 
molecular layer, are readily transferred across that 
ultrathin membrane to the capillaries. At the same 
time, the capillary wall and the intercellular spaces 
are protected against particles and colloids or oils. 

The alveolar epithelial cell is the obvious source 
of alveolar-cell Although 
rare, this type of malignant growth is of particular 
interest, because its further study may throw some 


carcinomas. relatively 


light upon the etiology of new growths. Some- 
times called adenomatosis of the lung, this tumor is 
distinguished by its apparent multicentric origin 
in the lungs in some instances. Since the alveolar 
portion of the lung has no lymphatics, the spread 
of such a new growth must be either direct or via 
the bronchi. Morphologically, alveolar-cell carci- 
noma is very similar to the communicable disease 
of sheep called jaagziekte. Is this a possible link 
diseases and malignant 


between _ virus-caused 


tumors ? 

No benign tumor due to the proliferation of 
alveolar epithelial cells has as yet been described, 
as far as I know, but it is a safe predication that 
pathologists will find such a tumor as they become 
more familiar with this previously unrecognized 
cell. 

In the 
poisoning we 


pulmonary changes due to beryllium 


have a beautiful example of the 
selective action of a noxious agent on one cell—in 
this case the alveolar epithelial cell. The alveolar 
epithelium becomes thickened. There results a pro- 
gressive loss of ability to perfuse Os and COs: across 
the membrane, as shown by pulmonary physiologic 
studies. There is no corresponding decrease in the 
ventilatory function of the lung, the reverse of the 
physiologic changes in cases of pure interstitial 
fibrosis. The patient dies of beryllium poisoning 
when the barrier of thickened epithelium seals his 
pulmonary circulation away from the life-giving 
atmosphere. Possibly other industrial agents, as yet 
unsynthesized or still on the chemist’s shelf, will 
also affect the alveolar membrane. Certainly other 
clinical applications of the new fundamental 
knowledge contributed by 
Krahl will be forthcoming. 


such workers as Dr. 
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5 (Pecibmindeds of | iratory P hysiology 


EDWIN RAYNER LEVINE, M.D., Chicago 
MUNA 


There are many distinct, separate, and 
interrelated parts to the broncho-pulmonary- 
circulatory system that make up the complex 
organs of respiration. We can delineate the 
function of each portion and determine how 
these are related to each other. By this means 
is created a composite picture of respiratory 
function. 

If, however, we wish to view respiratory 
physiology from the standpoint of what is 
essential to normal, healthy living; what 
causes impaired function and the symptoms 
of such pathology, and how to treat these 
pathological conditions, then we must con- 
sider the entire respiratory unit as an adaptive 
and compensatory mechanism. This, as we 
shall see, is true in all of the major divisions 
of respiratory function: ventilation through 
tracheobronchial channels, gas interchange 
through the alveolar capillary membrane, cir- 
culation of blood through the pulmonary 
capillary bed from the right heart to the left 
auricle, and the systemic circulation with gas 
exchange in the body tissues. 

It is well known, for instance, that a sudden 
collapse of one lung may produce severe 


dyspnea, cyanosis, and cardiac embarrass- 
ment, although the unaffected lung is more 
than adequate to take care of the burden of 
respiration. A gradual collapse of the lung, 
which allows the unaffected side to compen- 
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sate for the loss of functioning lung, may pro- 
duce no symptoms at all. 

Other, less obvious, compensations occur. 
If the lung is poorly ventilated because of the 
inelasticity of emphysema, we may find a 
quick inspiration and a long-drawn-out ex- 
piration, with pursed lips placing the yet re- 
tained air under positive pressure. This re- 
sults in oxygen reaching the alveoli by dif- 
fusion during expiration, since the rate of 
diffusion is much more rapid than the slow 
velocity of the expiratory current. Or, when 
the blood contains an insufficient amount of 
oxygen because of an inefficient alveolar 
capillary membrane, or for any other reason, 
the cardiac output may be increased and a 
larger volume circulated per minute. In the 
normal person, an output of 4 liters of blood 
per minute containing 20 vol. % of oxygen 
carries a total of 800 cc. per minute and de- 
livers about 160 cc. of oxygen to the body 
tissues. When, under pathological circum- 
stances with 75% saturation of the arterial 
blood, 16 vol. % oxygen is carried, a com- 
pensatory increased cardiac output may re- 
sult in a circulation of 5 instead of 4 liters 
per minute. The total amount of oxygen will 
again be 800 cc. per minute, and, while the 
body cells may withdraw less oxygen from 
each cubic centimeter of blood, there is an 
additional 1000 cc. available and the volume 
of oxygen delivered may again be 160 cc. 

Consequently, within rather wide limits of 
customary activity, a patient with one or more 
serious pathological conditions may have no 
symptoms severe enough to make him aware 
of his trouble. He has a disease, if you wish, 
but he is neither sick nor incapacitated as 
long as the compensatory mechanisms operate 
and are sufficient. Jt is when compensation 
breaks down that symptoms occur, progress, 
and lead to relative or complete disability. 
This is the explanation of the comparatively 
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short history reported by patients who have 
emphysema, silicosis, or other slowly de- 
veloping or long-standing chest diseases. The 
symptoms are only for that period which fol- 
lows the loss of compensatory mechanisms. 

This understanding of compensation as the 
prime factor of respiratory physiology is a 
necessity in therapy. Dyspnea, for example, 
is a distressing symptom, and its relief might 
be one aim of successful treatment. But many 
patients with long-standing emphysema or 
pulmonary fibrosis have carbon dioxide levels 
far above normal. Since expiration is the 
method of eliminating most carbon dioxide 
and since the kidneys are unable to reduce 
the acid excess of the acid-base balance, a 
rapid but inefficient respiration just maintains 
this carbon dioxide level without being able 
to lower it. If, in the attempt to relieve 
dyspnea by oxygen or narcotics, the respira- 
tory rate is slowed too much or too fast, up 
goes the carbon dioxide to toxic levels, and 
the patient, relieved of his dyspnea, may 
relax into coma and death. If the mechanism 
is understood and the compensatory nature 
of rapid respiration recognized, therapy will 
be designed to relieve the distress but main- 
tain the rate of respiration or, by the use of 
positive-pressure apparatuses, overventilate 
the lung and eliminate even more carbon 
dioxide during slow respiration than was eli- 
minated by the fast but inefficient breathing. 

This complex of compensations and bal- 
ances and the equally complex picture of 
breakdown of compensatory factors explains 
two common puzzling experiences. The first 
is that the pathology and the clinical picture 
frequently bear little relationship to each 
other. The second is that a regimen which 
was successful in treating one patient may be 
of little value for another patient whose dis- 
ease is apparently similar. 

It then becomes necessary to have some 
definite knowledge of these changes and inter- 
ferences with function to interpret symptoms 
and to determine courses of treatment. Some- 
times signs and symptoms will point to the 
source of the trouble. This is true in general- 
ized bronchial infection when bronchospasm 
and obstruction exist. But when a similar 
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lesion is present only in the small bronchi or 
bronchioli it is more difficult. For there is no 
cough reflex this far away from the major 
bronchi, and, because of the small volumes of 
air passing through these tiny channels, there 
may be neither rales nor wheezes. The only 
symptom will be dyspnea which occurs with 
mild or continued exertion. But it is also the 
only symptom of pathology causing inefficient 
functioning of the alveolar capillary mem- 
brane and the only symptom of many patho- 
logical changes in the pulmonary circulation. 

In the case of the bronchiolar pathology, 
dyspnea may be relieved by elimination of 
infection, dilatation of the bronchi, and re- 
moval of the retained secretion. But, in 
alveolar capillary membrane pathology, thick- 
ening, which may be temporary, caused by 
edema or exudation, or permanent, on the 
basis of fibrosis, has slowed the passage of 
oxygen through the membrane until the blood 
barely receives an adequate supply during 
rest. With any exertion, the oxygen demand 
is greater and, because of the lung pathology, 
the rate of flow around the alveolus becomes 
faster. At the same time, respiration increases 
in rate but generally becomes more shallow, 
decreasing the actual percentage of oxygen 
in the alveoli. Since the passage of gas 
through a membrane is related to its pressure 
and the pressure gradient, its solubility, and 
the thickness of the membrane, we have 
simultaneous factors for increased and de- 
creased gas exchange. The end-result, how- 
ever, is decreased exchange, and the arterial 
oxygen saturation may fall to alarmingly low 
levels. The dyspnea which develops can be 
relieved only by a higher concentration of 
alveolar oxygen. 

On the other hand, changes in the pul- 
monary circulation produce a dyspnea similar 
to that of heart failure. Normally, exercise 
causes increased lung ventilation and an in- 
crease in pulmonary capillary channels, and, 
while the cardiac output increases, the pul- 
monary artery pressure remains the same or 
even lower than at rest. But in these patho- 
logical cases the increased demand for oxygen 
and blood does not increase the capillary bed 
sufficiently and additional sclerotic changes 
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may be present in the arterioles. The pres- 
sure then rises to two or three or four times 
the resting level, which is obviously more 
than a chronically strained right ventricle can 
stand. A relative degree of heart failure 
occurs, with a typical stagnant hypoxia and 
dyspnea. This will not improve with oxygen 
alone—it is necessary to do something to 
lighten the burden on the right heart. 

In many cases, all three situations occur at 
once and each adds interference to the others. 
If any one is corrected, improvement is noted 
but lasting progress has not been made. It is 
for this reason that studies of the right heart 
and pulmonary circulation must accompany 
those made of pulmonary function. 

When treatment is begun, the first re- 
sponse is generally in the bronchi. The pa- 
tient feels better, breathes more easily, and 
will show higher performance in tests meas- 
uring pulmonary ventilation. Real improve- 
ment comes slowly with long-continued treat- 
ment using mechanical as well as pharmaco- 
logic aids to respiration. It is necessary to 
bring inactive lung areas back into function 
and, with them, alveolar capillaries. This in- 
creases the vascular bed, lowers pulmonary 
artery pressure, and introduces a_ possible 
respiratory reserve. This is the goal and 
rationale for therapy which must be con- 
tinued for months after symptoms have been 
relieved. 

An understanding of this 
adaptive characteristic of the respiratory sys- 
tem brings logic and sense into an apparently 
confusing picture. Pulmonary pathology may 
exist and may progress without interfering 
with the patient or producing any conscious 
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symptoms so long as compensatory mecha- 


nisms function. So physicians must learn to 
recognize these conditions before symptoms 
occur. Treatment compensation 
early, but it may not affect the underlying 
pathology for a long time after all symptoms 
disappear. Therefore treatment must be con- 


restores 


tinued for months or years, regardless of 
symptoms, in all chronic pulmonary condi- 
tions. And in reestablishment of compensa- 
tory mechanisms lies the reason for improve- 
ment in apparently permanent and irreversi- 
ble damage to the lungs. 
ABSTRACT OF DISCUSSION 
Philadelphia: Dr. 
and 


Dr. Burcess L. Gorpon, 


Levine has mentioned the interrelated units 
mechanisms of the respiratory system that partici- 
pate in pulmonary function, notably, ventilation, gas 
exchange, and blood flow through the capillary bed. 

He disclosed an interesting phenomenon—a sort 
of compensatory function that takes over the burden 
of respiration with remarkable effectiveness—as, for 
example, in slowly progressive atelectasis, when the 
opposite, or normal, lung meets the challenge to 
provide adequate ventilation or oxygenation; so 
effective is this compensatory function that only 
minimal symptoms, if any, are encountered. 

Contrasted are the acute infections or disturb- 
ances superimposed in diffuse bilateral disease, such 
as bronchiolitis and bronchospasm in pulmonary 
fibrosis. In such instances the symptoms are often 
out of proportion to the extent of disease and may 
persist for months if not relieved at the onset. 

Dr. Levine has emphasized the very important 
point that compensation breakdown may occur in 
chronic pulmonary disease with minimal manifesta- 
tions. With a failure to eliminate the superimposed 


This 
potential danger calls for function testing and the 


condition extreme disability may result. 


timely control of the mildest disturbances. 





‘Con, Concepts in the sDiagnosis Pome | 
jo of P, ulmonary Emphysema 


R. DREW MILLER, M.D., Rochester, Minn. 


Since Laennec ' described the clinical and 
pathological features of pulmonary emphy- 
sema, more than a century ago, much has 
been learned about its pathologic physiology 
and its progressive clinical course, with 
cardiac and metabolic complications. How- 
ever, the initial inciting factors and early 
pathogenesis still are poorly understood. Be- 
cause of this hiatus in knowledge, the clinical 
recognition of emphysema in its early stages 


is frequently difficult and the results of treat- 
ment, once the diagnosis is made, often are 


disappointing. 
DEFINITION 

Numerous types of emphysema have been 
described, as have many concepts concerning 
their relative clinical importance. Thus, an 
attempt at definition appears advisable before 
the clinically diagnostic criteria are con- 
sidered. Pulmonary emphysema is charac- 
terized pathologically by large alveolar spaces 
with attenuated septa, many of which are 
fragmented; as a result, larger air spaces 
(blebs or bullae) are formed, thus altering 
the mechanical (viscoelastic) properties and 
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ventilation of the lungs, as well as decreas- 
ing the reserve capacity of the pulmonary 
circulatory system. Physiologic studies show 
expiratory slowing, an absolute increase in 
the residual volume, and an increased pro- 
portion of underventilated alveoli, as well 
as other less specific changes. The physical 
diagnostic counterparts of these functional 
alterations for the most part are demonstrable 
in the examining room. Dyspnea is the com- 
mon symptomatic denominator. 

Pulmonary emphysema is considered a 
disease entity, and yet it is frequently seen 
in association with or following other bron- 
chopulmonary conditions, such as chronic 
bronchitis, long-standing intractable bronchial 
asthma, pulmonary tuberculosis, pneumo- 
conioses (such as silicosis), bronchiectasis, 
and cystic disease involving multiple organs. 
However, progressive exertional dyspnea 
without orthopnea often may be associated 
with no anatomic or physiologic changes 
other than those of emphysema. Thus, em- 
physema might be considered the end-stage 
of the wear-and-tear process on the lung 
by varied specific diseases or by the mere 
process of living with environmental factors 
affecting the person and his variable tissue 
susceptibility. 

The definition just given 
so-called diffuse obstructive or “hypertro- 
phic” variety originally described by Laennec. 
The term “emphysema” has been applied 
to other pulmonary conditions, which should 


applies to the 


be mentioned only as a matter of clarification 
of definition. Localized obstructive emphy- 
sema associated with a ball-valve lesion, usu- 
ally of developmental origin, in infants may 
be associated with the pathologic changes 
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described in diffuse obstructive emphysema 
in adults, but the changes are usually localized 
to a single segment, lobe, or lung. Treatment 
usually consists of excision of the involved 
tissue, if warranted by the clinical course. 
“Senile emphysema,” or “postural emphy- 
sema,” is a somewhat nebulous condition in 
elderly, and sometimes younger, patients who 
have varying degrees of kyphosis and short- 
ness of breath. An increase in residual volume 
has been described in some of these patients. 
Monroe,’ on the basis of clinicopathologic 
correlation, has postulated that the thoracic 
condition is incidental and that dyspnea is 
usually related to changes in the cardiovas- 
cular system, the central nervous system, and 
the general condition of the body so fre- 
quently seen in elderly persons. It is gen- 
erally accepted, however, that diffuse obstruc- 
tive emphysema may occur in patients of any 
age. The term “compensatory emphysema’”’ 
secondary to collapse or excision of pul- 
monary tissue would more appropriately) 
be termed “compensatory overexpansion.” 
Simple overexpansion usually is not asso- 
ciated with significantly impaired function. 
Diffuse obstructive emphysema occasionally 
may develop in overexpanded pulmonary 
tissue, but in these cases it is likely that etio- 
logic factors other than simple overexpansion 
also are present. 


DIAGNOSIS 


Exertional dyspnea is the most constant 
clinical feature of pulmonary emphysema. 
A diagnosis of diffuse obstructive emphysema 
made in a patient without exertional dyspnea 
is on tenuous grounds. The onset of dyspnea 
is usually so insidious and the progress so 
gradual that several years may elapse be- 
fore the patient consults a physician. Some 
patients, however, can relate a rather abrupt 
onset of dyspnea to a bout of pneumonia or 


other respiratory infection or to a period of 
unusual exertion during a hunting trip or 
an episode of car trouble; in some, it may 
follow an operation, when an extra load 
is placed on the reduced pulmonary reserve. 
Orthopnea and nocturnal dyspnea are con- 


spicuously absent unless concomitant bron- 


chial asthma is associated with attacks of 
wheezing. In more advanced disease, dyspnea 
appears to be especially severe when the 
patient arises in the morning, and the process 
of shaving and having breakfast is often 
laborious. 

Cough and the production of sputum are 
not found constantly in so-called pure emphy- 
sema, but they usually are present when the 
emphysema is associated, as it frequently is, 
with chronic bronchitis, asthma, fibrosis, and 
bronchiectasis. Christie * stressed the 
importance of cough in the pathogenesis of 


has 


emphysema. Wheezing with exertion is fre- 
quently noted, even though frank asthma is 
absent; this type of expiratory obstruction 
is a well-known characteristic that is asso- 
ciated with an increase in the work of breath- 
ing, thus leading to dyspnea. The evidence 
for this has been reviewed recently by Fry 
and associates.* 

As emphysema progresses, patients fre- 
quently complain of loss of weight, poor 
appetite, easy filling at mealtime, bloating, 
and increased dyspnea after large meals. Pa- 
tients who have severe emphysema may lose 
as much as 25 Ib. in a six-month period or 
as much as 50 Ib. over many years without 
any demonstrable intrinsic gastrointestinal 
disease. The mechanisms of these nutritional 
symptoms are not well understood. 

Results of physical examination with the 
patient at rest may be entirely normal. The 
contour of the thorax and measured thoracic 
expansion frequently are entirely normal 
even in moderately severe emphysema (Figs. 
1 and 2). The classic “barrel chest,” or an 
increase in the anteroposterior measurement 
of the thorax, described in many textbooks, 
is a misleading sign. Although frequently 
present in patients who have significant 
emphysema, it may be absent. The barrel 
chest frequently is associated with the kypho- 
sis of increasing age or vertebral changes in 
the absence of significant pulmonary emphy- 
sema or respiratory disability. The measured 
thoracic expansion is also misleading, since 
it contributes to only a part of the pulmonary 
ventilation. Expansion of the thorax may be 
fairly normal in emphysema, whereas it may 
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Fig. 1—Thorax of patient with moderately 
advanced emphysema. The contour of the rib cage 
is normal. Thoracic expansion was within normal 
limits. 


be limited in the absence of emphysema, as 
in rheumatoid spondylitis and neuromuscular 
disorders. 
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Demonstration of limited excursion of the 
depressed diaphragm by thoracic percussion 
or fluoroscopy probably is a more constant 
sign of ventilatory disturbance. Auscultation 
of the thorax with the patient resting may 
reveal nothing abnormal. In some cases of 
relatively mild disease, expiratory prolonga- 
tion or even an expiratory wheeze may be 
elicited only while the patient hyperventilates 
or performs a “fast vital capacity” effort. 
Failure of the breath sounds to increase in 
amplitude with hyperventilation probably is 
related to the increased amount of poorly ven- 


tilated pulmonary tissue. Exercise tests in- 


volving steps can be performed conveniently 
in the examining room; the patients usually 
become dyspneic rather suddenly as the 
ventilation increases. Auscultation over the 
thorax at this time may reveal the same find- 
ings noted during voluntary hyperventilation. 

Since the lungs are in a rather constant 
state of hyperinflation and the diaphragm 
is depressed, the heart assumes a more verti- 
cal and relatively posterior position. Cardiac 


Fig. 2.—Oblique and lateral views of patient pictured in Figure 1. 
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sounds usually are extremely faint over the 
precordium, frequently being more distinct 
and intense over the epigastrium just below 
the xiphoid process. An accentuated second 
pulmonic sound may not be easily demon- 
strated even in the presence of pulmonary 
arterial hypertension. 

Pronounced cyanosis is a rare finding in 
uncomplicated pulmonary emphysema. Its 
presence should alert the examiner to look 
for complicating pneumonitis, diffuse fibro- 
sis, cor pulmonale with congestive cardiac 
failure, or a cardiovascular defect shunting 
blood past the lungs. 

Laboratory Tests.—Routine 
grams of the thorax taken at full inspiration 


roentgeno- 


may show no abnormalities unless the pul- 
monary parenchyma has been sufficiently 
altered by the formation of gross air cysts to 
show variations in radiolucency (Fig. 3). 
Comparison of roentgenograms taken at 
inspiration and at expiration or fluoroscopy 
showing limitation or slowing of diaphrag- 
matic motion gives positive findings at an 
earlier stage of the disease than do routine 
roentgenograms. 


Fig. 3.—Roentgenogram of the thorax of patient 
pictured in Figure 1. Although some increased 
radiolucency is noted in the lower lung fields, there 
is no widening of the intercostal spaces frequently 
described as a classic roentgenologic sign of 
emphysema. 


PULMONARY FUNCTION TESTS IN PULMONARY 


EMPHYSEMA 
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Fig. 4.—Results of ventilatory studies on patient 
pictured in Figure 1. There is pronounced slowing 
of expiration on the “rapid vital capacity.” The 
reduction of the maximal breathing capacity is 
greater than the reduction of the “rapid vital 
capacity.” 


Secondary polycythemia of a significant 
degree is an unusual finding in “pure” em- 
physema, and, like cyanosis, its presence 
should suggest some complicating lesion. 
Even in advanced emphysema, the arterial 
oxygen saturation usually does not decrease 
to less than 85% and then only with exer- 
cise. 

The “alkaline 
reserve” may be increased only in extremely 


blood carbon dioxide or 
advanced stages of emphysema, when respira- 
tory acidosis due to retention of carbon diox- 
ide has developed. 

Clinical Studies of Pulmonary Function.— 
The procedures described to measure vari- 
ous aspects of pulmonary function * are too 
numerous to describe in detail, and many 
are beyond the scope of this paper. The simple 
measurement of vital capacity has been 
shown to be an inaccurate and insensitive 
indication of impaired pulmonary function 
in emphysema. A “fast vital capacity” or 
“timed vital capacity,’’ however, demonstrates 
the patient’s inability to move air rapidly 


it 


* Comroe,® Vol. 2, pp. 76-244. 
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out of the lungs. The maximal breathing 
capacity (amount of air that can be moved 
in and out of the lungs with maximal volun- 
tary hyperventilation, as measured in liters 
per minute) may demonstrate this same 
expiratory slowing (Fig. 4). These measure- 
ments can be made directly on a Benedict- 
Roth apparatus similar to that used to ascer- 
tain the basal metabolic rate. The determina- 
tion of an absolute increase in the residual 
volume found in patients with emphysema 
requires the use of complex methods 7 and 
is not essential in clinically characteristic 
cases. Other measurements, such as that of 
the alveolar concentration of nitrogen after 
the patient breathes oxygen for seven min- 


Initial Response to Bronchodilator Aiding in 
Differential Diagnosis of Asthmatic 
Bronchitis and Emphysema 
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utes, likewise are unnecessary in the more 
clear-cut cases. 

Measurement of the “fast vital capacity”’ 
and the maximal breathing capacity both 
before and after administration of an aero- 
solized bronchodilator may give more detailed 
information as to the mechanism of ventila- 
tory impairment. The changes in the results 
of tests after use of a bronchodilator vary 
considerably among patients who have em- 
physema and may not correlate quantitatively 
with the symptomatic response. In general, 
if the measurements return to within normal 
range after administration of the aerosol it 
is likely that the patient has either asthmatic 
bronchitis or frank bronchial asthma, depend- 
ing on the clinical features (see Table). If 
significant improvement in the measurements 
takes place after the aerosol is used but im- 
pairment is still present, a diagnosis of dif- 
fuse obstructive emphysema is more likely. 


+ Comroe,5 Vol. 2, pp. 188-197. 
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However, occasionally intensive treatment 
with aerosolized bronchodilators is necessary 
to rule out the reversible element of the pa- 
tient’s disability. 


TREATMENT 


Preventive measures probably play as im- 
portant a role in pulmonary emphysema as 
they do in other diseases. Early and adequate 
treatment of those pulmonary conditions 
complicated by emphysema obviously is of 
importance. Until the pathogenesis of the 


“pure” form of emphysema is more ade- 
quately understood, prevention is not pos- 
sible. Once clear-cut signs of emphysema 
are evident, the process usually progresses 
to some degree despite concerted medical 
treatment. However, if treated systematically, 
some patients may live out the remainder of 
their normal span of life, finally succumbing 
to some other disease. 

The multiplicity of types of therapy that 
have been advocated for pulmonary emphy- 
sema suggests that no one method is strik- 
ingly successful in all cases. Bronchitis, 
asthma, pulmonary tuberculosis, bronchiec- 
tasis, and other conditions that may be com- 
plicated by emphysema should be treated. 

Environmental Factors——The en- 
factors that may 
tracheobronchial tree must be 
This is particularly true if chronic cough 
and wheezing are present. A change in oc- 
cupation may have to be considered if the 
patient is a farmer and if grain or barn dusts 
aggravate cough and dyspnea. This is also 
true of laborers exposed to industrial dusts, 
even though the content of the dust is not 
hazardous to normal persons. Tobacco smoke 
is one of the commonest respiratory irritants 
and must be avoided if the patient is to 
achieve the best chances of improvement. 
Numerous patients have attributed as much 
benefit to the discontinuance of smoking 
as to any other method of treatment. The 
relief of cough that may be achieved when 
smoking is stopped actually may remove one 
of the self-perpetuating factors of the emphy- 
sematous process. Voluntary suppression of 
nonproductive cough is of importance, since 


many 
irritate the 
eliminated. 


vironmental 
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many patients cough excessively. Cold, damp 
weather may aggravate dyspnea, and patients 
so affected should avoid undue exposure to 
inclement weather. 

Medical Measures.—The various antibio- 
tics are of invaluable aid in the treatment of 
patients who have chronic bronchopulmonary 
suppuration; these agents are of special 
benefit during the acute respiratory infections 
to which these patients appear unduly sus- 
ceptible. The problems of acute respiratory 
acidosis may be avoided by prompt treatment 
of acute infections with the appropriate anti- 
biotic. The constant use of a single antibiotic 
is not justified, however, because of the pos- 
sibility of resistant organisms becoming pre- 
dominant, allowing for perpetuation of 
chronic infection. Periodic the 
sputum is important in guiding antibiotic 


culture of 
therapy. The use of expectorants, such as 
iodides, to loosen tenacious secretions is fre- 
quently helpful. 

The benefit of bronchodilators for patients 
who have emphysema has been known for 
many years. However, the use of epinephrine- 
like drugs has been limited mainly to asthma- 
tic patients. The interest in the aerosoliza- 
tion of bronchodilating drugs has been re- 
vived with the advent of various types of 
positive-pressure breathing apparatus. The 
value of the continuous nebulization of 0.5 
to 1 cc. of a solution containing a broncho- 
dilator (for the 5 to 15 minutes needed to 
consume the dose) three or four times daily 
in the management of patients who have 
emphysema recently has gained wider clini- 
cal recognition. Isopropyl arterenol appears 
to be one of the most effective aerosolized 
bronchodilators. The beneficial results of 
such treatment have been attributed to the 
positive-pressure breathing apparatus that 
generates the aerosol and induces positive 
pressure during the inspiratory phase of 
respiration.® In the experience of my col- 
leagues and me,’ the nebulization of a similar 
dose of bronchodilating drug without inter- 
mittent positive pressure gives essentially the 
same objective and subjective response after 
a single application and after several weeks 
of systematic controlled treatment. Whether 


longer periods of combined treatment with 


the intermittent positive-pressure breathing 
apparatus and bronchodilating 
drugs will prove more advantageous than 


nebulized 


use of the nebulized bronchodilators alone 
is a problem still to be answered. The detailed 
instruction of these patients in the regular 
use of a nebulizer with a bronchodilating 
drug, outlined in detail elsewhere,’ appears 
to be a practical and relatively economic 
method of treatment in conjunction with 
some of the other methods considered herein. 

Physical Methods—One of the simplest 
and most widely applied methods of physical 
therapy for patients who have emphysema 
is the use of proper breathing exercises. The 
rationale for this method, as for the other 
physical methods of management, is to assist 
the depressed diaphragm to take a more 
nearly normal position during expiration so 
that more diaphragmatic excursion can take 
place. The usual position of the diaphragm 
in patients who have emphysema is that of 
full inspiration. Consequently, further in- 
spiratory effort is not only useless but 
fatiguing. Instruction in these breathing ex- 
ercises stresses use of the abdominal muscles 
in active, slow, steady expiration. This ap- 
parently is more efficient than are the gasp- 
ing inspiratory efforts of the upper thoracic, 
pectoral, and cervical muscles, which appear 
only to augment the continuous state of in- 
spiration and overinflation of the lungs. 
3arach and Beck* have emphasized the 
value of the head-down position in assisting 
patients to learn the breathing exercises. 
These exercises tend to decrease the func- 
tional residual air, which consists of the 
respiratory gases not expelled from the lung 
during a normal expiration.® 

Various abdominal belts have been recom- 
mended to aid in elevation of the diaphragm.*® 
Some patients have observed varying degrees 
of symptomatic relief when properly fitted 
with a belt ; however, others report no bene- 
fit or too much discomfort from wearing 
such belts. Since many patients who have 
emphysema already have abdominal com- 
plaints, anorexia, and loss of weight, the pres- 
sure caused by an abdominal belt may have 
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an unfavorable effect on nutrition in some 
patients despite its benefits to respiration. 
Artificial pneumoperitoneum has been advo- 
cated as a treatment for emphysema on the 
same theoretic basis as use of the abdominal 
belt; conflicting reports have appeared re- 
garding its efficacy.t 

Methods Currently Under Evaluation.— 
The induction of myxedema to decrease the 
resting requirements of oxygen of the patient 
is being tried in this country, although few 
reports have been published.§ Such treatment 
is generally confined appropriately to patients 
with far-advanced disease who have received 
almost all the many prescribed methods of 
treatment without adequate response. Fifteen 
such patients treated by induction of myx- 
edema at the Mayo Clinic have been followed 
for as long as 20 months. Although some 
of the patients had definite but limited im- 
provement in symptoms, an almost equal 
number had no significant improvement. No 
improvement in the results of ventilatory 
studies has been observed, although perfor- 
mance of standard exercise tests and the 
amount of arterial oxygen saturation im- 
proved in a few cases. This palliative and 
indirect method of treating advanced emphy- 
sema requires further evaluation. 

One of the inhibitors of carbonic anhy- 
drase, namely, acetazoleamide (Diamox), 
has been reported to be helpful in some cases 
of severe emphysema with respiratory acido- 
sis..° The mechanism of its action other than 
as a diuretic has not been clear in those cases 
reported. The problem of controlling all 
therapeutic factors in the several clinical 
studies consisting of a few desperately ill 
patients can be readily understood. The clari- 
fication of the specific value of acetazoleamide 
in respiratory acidosis awaits further study. 

Surgical excision of large localized emphy- 
sematous bullae in the presence of otherwise 
normal lungs has been of value in selected 
patients who had significant symptoms. The 
surgical treatment of diffuse emphysema '° 
is still in the investigative stages, and its 
value has yet to be determined. 


t References 11 and 12. 
§ References 13 and 14. 
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RESPIRATORY ACIDOSIS (CARBON DIOXIDE 
NARCOSIS, OXYGEN POISONING) 

Some patients who have advanced emphy- 
sema experience significant degrees of arterial 
oxygen desaturation and also may retain ab- 
normal amounts of carbon dioxide. The ad- 
ministration of high concentrations of oxygen 
to these patients may result in decreased 
ventilation, further acute retention of carbon 
dioxide, increased acidosis, mental confusion, 
delirium, and even death. This chain of 
events occurs while the appearance of the 
patient’s skin paradoxically improves from 
that of cyanosis to a relatively healthy-look- 
ing pink. Cohn and associates ** reviewed 
the pertinent literature and reported their 
experiences in the management of this condi- 
tion. They reported the most consistent re- 
sults from use of frequently interrupted 
oxygen therapy and the energetic use of 
nebulized bronchodilators similar to that 
already described. They stressed the fact that 
no substitute exists for constant attention 
to the progress of critically ill patients by 
an alert medical and nursing staff. Mechani- 
cal respirators of various types may be bene- 
ficial in some cases. The use of drugs causing 
respiratory depression should be particularly 
avoided.** 

COR PULMONALE 


Cor pulmonale with congestive cardiac 
failure occurring in patients who have emphy- 
sema is found almost exclusively among 
those who have demonstrable transient or 
persistent hypoxemia. Of particular impor- 
tance, therefore, is the use of methods to 
improve the reversible element of hypoxemia 
and pulmonary vascular hypertension. Vigor- 
ous treatment of the complicating respiratory 
infections that may precipitate hypoxemia 
may be lifesaving. Harvey and associates *® 
have stressed that recurrence of congestive 
cardiac failure due to cor pulmonale can be 
prevented if the arterial oxygen saturation 
can be maintained within normal limits. They 
advised use of aerosolized bronchodilators 
with oxygen as a relatively simple and effec- 
tive method of treating the reversible ele- 
ments contributing to congestive cardiac 
failure. If polycythemia is present, judicious 
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venesection may be helpful. General meas- 
ures used in congestive cardiac failure are 
restriction of salt, digitalization, and the 
discreet use of diuretics. The response to 
these general measures is usually not so 
dramatic in patients who have emphysema 
as it is in patients who have left ventricular 
failure. 


SUMMARY AND CONCLUSION 

The clinical diagnosis of early pulmonary 
emphysema may be difficult because of the 
absence of many of the generally accepted 
criteria. The physiologic alterations of ex- 
piratory slowing, increased functional re- 
sidual capacity, and underventilation of large 
portions of the lung often may be demon- 
strated in the examining room by eliciting 
prolonged forced expiration, by evidence of 
decreased intensity of breath sounds, and 
by a failure of the amplitude of breath sounds 
to increase normally during hyperventilation. 

The limited understanding of the early 
pathogenesis of emphysema limits the pos- 
sibilities of its early diagnosis and treatment. 
Once all the classic findings are present, the 
process frequently is self-perpetuating. Sev- 
eral simple basic therapeutic measures may 
afford most patients symptomatic relief and 
possibly slow the progress of this chronic 
disorder. These include avoidance of respira- 
tory irritants, use of expectorants for patients 
who have tenacious secretions, suppression 
of nonproductive cough, judicious use of anti- 
biotics in the control of complicating infec- 
tions, exercises to promote abdominal breath- 
ing, emphysema belts for selected patients, 
and the systematic use of aerosolized bron- 
chodilating drugs. If these measures are not 
effective, more complicated procedures may 
be used, but their effectiveness in patients 
not responding to the simpler measures may 
be limited. 

More intensive use of aerosolized broncho- 
dilators, with limited amounts of oxygen, is 
in order when respiratory acidosis occurs. 
Respiratory infections, which frequently pre- 
cipitate such acidosis, must be controlled 
promptly. Mechanical respirators, if used 
under close observation, may help provide 


the adequate ventilation that is so important 
in these critically ill patients. 


Cor pulmonale appears usually after ar- 
terial hypoxemia develops. Therefore, in ad- 


dition to the usual measures prescribed for 
congestive cardiac failure, use of oxygen- 
generated aerosolized bronchodilating drugs 


is of particular value. 
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As long as the underlying mechanisms of 
asthma are not fully understood, differences 
of opinion in regard to diagnosis and therapy 
will continue to exist. At least two methods, 
however, have repeatedly failed and should 
be discarded. First, a festoon of pharmaco- 
logical agents usually delays the etiological 
diagnosis and confounds therapeutics. Sec- 
ondly, an unsympathetic approach to the pa- 
tient can only lead to failure. 

Too often a patient is seen with severe 
symptoms of asthma even though he is taking 
medication of such variety as to require a 
valise. Such drugs may include ephedrine, 
potassium iodide, epinephrine, aminophyl- 
line, barbiturates, meperidine (Demerol), 
ee Se 
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vitamins, antibiotics, antihistamines, and 
even corticotropin and corticosteroids. With 
such a barrage one might anticipate oblitera- 
tion of asthmatic symptoms, but such an in- 
judicious combination fails. 

Since asthma is a puzzling disease, cer- 
tain unreasonable attitudes have developed. 
“Friends” and relatives are prone ro regard 
the victim’s symptoms as a shield against 
responsibility. Admitting house officers are 
reluctant to send a patient with asthma to 
the ward of a friendly colleague. Nurses, re- 
membering former demands of such charges, 
fail to smile. Patients with asthma are fre- 
quently referred to the newly established 
physician. The medical student joins the pa- 
rade, for he must learn quickly. In this atmos- 
phere rational study and therapy can be 
fraught with obstacles. 

The purpose of this paper is to present an 


approach to bronchial asthma which is both 


rational and practical. 


DIAGNOSIS 

Diagnosis of any disease should be based 
on knowledge of the anatomy, physiology, 
and pathology of the affected organs. Miller ’ 
has described in detail the anatomy of the 
bronchial tree and lungs, and Drinker * has 
outlined the important clinical points of re- 
spiratory physiology. Morphological changes 
in asthma are described in most textbooks of 
pathology. Because many cases of asthma are 
due to antigen-antibody reactions, certain 
principles of immunology must be under- 
stood. Raffel * has summarized the pertinent 
principles. 

Asthma has been considered to be one of 
the psychosomatic diseases. There appears to 
be little reason to doubt that mental attitude 
toward asthma is important, as this attitude 
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is important in every disease. The question 
whether a few or many cases of asthma are 
due to deep-seated emotional factors, with an 
onset in infancy or childhood, remains unan- 
swered to date, but the possibility of such 
factors deserves attention. 


All asthma falls into one of two broad 
classifications: asthma of known etiology or 
asthma of undetermined etiology. Repeated 
attempts to find the responsible antigens must 
be made, because asthma of undetermined 
etiology can only be treated symptomatically. 


The most important tool in the diagnosis 
of asthma is history. To skim over this is 
erroneous. Rackemann ‘ outlined the phases 
of this history. If possible, the exact date of 
the first attack should be pinpointed to month, 
day, and year. This date should be correlated 
with locality, age, and occupation of the pa- 
tient, his pets, diet, household furniture, and 
emotional status. The duration and severity 
of this first attack is important. 
portant are the history of subsequent attacks 
and his condition between attacks. Previous 
or present allergic diseases such as eczema 
must be considered. The family history of al- 
lergic disorders must be thorough and should 
include allergic histories of ancestors, con- 
temporaries, and offspring. Previous and 
present therapy as well as results should be 
scrutinized and recorded. A thorough system- 
ic review may yield additional clues. Such a 
history may require several sessions, each of 
an hour’s duration, but it may well save years 
of anxiety, illness, and blundering. 


Equally im- 


A gomplete physical examination is indi- 
cated. Nasal polyps or a pale boggy nasal 
mucosa will be missed if the nose is not ex- 
amined. Unilateral wheezing points to a for- 
eign body, tumor, or infectious process. Noc- 


turnal wheezing in a patient with an enlarged 
heart with murmurs and with peripheral 
edema suggests cardiac disease rather than 
bronchial asthma. 


Roentgenography is useful. Roentgeno- 
grams of the sinuses may locate polyps or 
infection, and those of the chest can determine 
heart size and the presence of foreign bodies, 
tumors, or infections. Fluoroscopy provides 
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data concerning movement of the diaphragm 
and mediastinum. 

Discreet skin testing is an aid in diagnosis. 
Any patient may theoretically be sensitive to 
countless antigens. If the history is thorough, 
rarely does the indicated number of skin tests 
exceed two figures. To prevent general sys- 
temic reactions, scratch tests should precede 
intradermal tests. Skin tests of inhalants are 
more reliable than are those to foods. Skin 
tests should be correlated with the history. 
A patient in New England with asthma from 
mid-August to frost is usually sensitive to 
ragweed. If a skin test to this antigen hap- 
pens to be negative, the history usually proves 
correct. If a patient never has had asthma 
during the ragweed season, it is unlikely that 
ragweed is a factor even if his skin test to 
ragweed is positive. If a patient has never 
eaten a food, skin testing him for it is of no 
practical value. A New England child was 
recently told not to eat barracuda, as his skin 
test to it was positive. The child had never 
eaten barracuda, and his chances of exposure 
seem minimal. Skin tests are useful, but they 
can mislead if followed with abandon. 


TREATMENT 

When the control of asthmatic symptoms 
is not the major problem, the attempt to 
establish an etiological diagnosis should be 
undertaken without delay. Frequently the 
paths of the physician and patient first inter- 
sect when the patient has severe symptoms of 
asthma. Symptomatic therapy is essential, 
but a short history, emphasizing onset, medi- 
cation, to date, is necessary. 


A thorough physical examination is man- 


and _ results 


datory. 
SYMPTOMATIC THERAPY 

Certain concepts of therapy are worthy of 
comment. The physician must appear sympa- 
thetic, calm, and interested at all times. 
Whether the patient is to be treated at home 
or hospitalized, he should be placed in a quiet 
well-ventilated room. Patients in the midst 
of a severe prolonged attack already refrac- 
tory to several drugs should be sent to the 
hospital. This also applies to those who are 
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living in an environment full of probable anti- 
gens. Having determined recently adminis- 
tered medications and their results, the phy- 
sician should discontinue drugs which have 
currently failed to provide relief when given 
in proper dosage as well as those which have 
caused untoward side-effects in the past. 
Such a step avoids a multiplicity of medica- 
tions, which is likely to do more harm than 
good. 

In acute asthma bronchospasm, which can 
be relieved by several drugs, is usually pres- 
ent. The agent of choice is subcutaneous 
epinephrine 1: 1000. Frequent injections of 
0.3 to 0.5 ml. spaced at intervals of 20 min- 
utes are more effective than one large dose. 
Success may be determined only after an 
hour. If epinephrine proves effective, the 
patient is instructed in its subcutaneous use 
or taught to inhale nebulized epinephrine 
1: 100. If the patient has concomitant hyper- 
tension, isoproterenol (Isuprel) hydrochlo- 
ride 1: 200 may be substituted for epineph- 
rine by inhalation. In some patients epineph- 
A few patients, after initial 
both 
groups epinephrine should be discontinued, 
but often after an interval of 24 hours or 


rine will fail. 
success, may become refractory. In 


longer epinephrine should be tried once again 
in those patients who become epinephrine- 
fast. 

A less potent antispasmodic but more sus- 
tained in action is ephedrine. It has been used 
with varying success to control mild attacks 
of asthma that tend to recur. There is the 
occasional patient who has regular attacks 
during the night and can obtain a full night’s 
rest with a dose at bedtime. The side-effects 
of palpation and tenseness frequently accom- 
panying use of ephedrine make it a poor 
risk, in anxious, intent patients. 

Aminophylline is an efficient bronchodila- 
tor. In addition, it reduces edema of the 
bronchial mucosa. It is most effective by slow 
intravenous injection, quite effective by rec- 
tum, and least so by mouth. Nausea and 
vomiting may force interruption of amino- 
phylline therapy. 

In patients with asthma, thick mucus filling 
the lumina of bronchi and bronchioles can 


lead to death. To liquefy such mucus, expec- 
torants have been tried for many years. I[o- 
dides ° appear to be the best available agents. 
Potassium iodide can be given orally, and 
sodium iodide has been prepared for intra- 
Rasmussen ® has reported two 


venous use. 
patients in whom iodide sensitivity may have 


caused polyarteritis. If untoward symptoms 
develop while the patient is on iodides, such 
medication must be discontinued. 

Many patients are apprehensive and tense 
during an attack of asthma. In such persons 
sedation is often desirable, but it can be dan- 
gerous, especially when the attack of asthma 
has been severe and prolonged. Chloral hy- 
drate is the drug recommended, as it has the 
least effect on the respiratory center. Mor- 
phine is contraindicated. Meperidine hydro- 
chloride is not used by us, for it does depress 
the respiratory center and can cause addic- 
tion. A recent report * showed an increased 
addiction to it. Twenty-five of the four hun- 
dred fifty-seven addicts to meperidine took it 
to control asthma. Within recent months two 
such patients have been seen at the Massa- 
chusetts General Hospital. Avoidance of 
barbiturates is urged, because patients with 
chronic asthma develop a tolerance to them 
and because some show undesirable side- 
reactions. 

The antihistamines 
tensively in asthma, but they have proved in- 
effective. Their mild par- 
ticularly in children, has proved valuable. 
Theoretically the antihistamines * 
cupying the receptors of cells where hista- 
have to attach to produce 


have been used ex- 


sedative effect, 
act by oc- 


would 
symptoms. 


mine 


Asthmatic patients often become de- 
hydrated, and they should receive required 
fluids by an appropriate intravenous infusion. 
To this infusion may be added epinephrine, 
aminophylline, or sodium iodide if such drugs 
are indicated. 

Oxygen is justified only in patients having 
a lowered oxygen saturation of arterial blood. 
Those patients with emphysema * and some 
with chronic asthma *° have a high tolerance 
to carbon dioxide. Respiratory stimulus, 


therefore, depends on oxygen lack. In these 
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patients oxygen therapy is dangerous, for 
respiratory movements cease when 
oxygen lack is compensated. Schiller and 
Lowell * found that mixtures of oxygen and 
helium have no advantage over oxygen alone. 
Oxygen tents are contraindicated in patients 
frightened by confinement. The nasal catheter 


may 


is more suitable. 

Corticotropin, cortisone, hydrocortisone, 
and, recently, prednisolone and prednisone 
(metacortandralone and metacortandracin ) 
have been available for suppression of 
asthmatic symptoms. All are effective, 
but each has side-reactions. The modes of 
action of these hormones are not understood, 
but they can relieve all symptoms and signs 
of asthma. 

Neither corticotropin nor the adrenocorti- 
cal steroids have been available long enough 
to set up fast rules, but for the welfare of 
patients certain generalities must be consid- 
ered. These agents must not be used in pa- 
tients with mild asthma but should be re- 
served for patients with very severe asthma. 
Even these patients should not be subjected 
to these hormones until treatment such as that 
previously outlined has failed. Ideally, each 
patient with asthma severe enough to warrant 
the use of these hormones should be in the 
hosp*‘al for initial therapy. Corticotropin ap- 
pears to have no advantages and at least two 
disadvantages in relation to cortisone or 
hydrocortisone. Commercially available corti- 
cotropin preparations contain some foreign 
protein, and the possibility of allergic reac- 
tions exists. Such allergic reactions have been 
reported.* In addition, corticotropin must be 
given by injection. Cortisone and hydrocorti- 
sone are now the agents of choice. Contra- 
indications, complications, and dosage sched- 
ules have been presented in detail.— Pred- 
nisone and prednisolone have only been 
available a few months. They are effective 
in lower doses than cortisone or hydrocor- 
tisone, but side-effects ** have already been 
reported. More study is required before 
they can be adequately compared with either 
cortisone or hydrocortisone. 


* References 12 and 13. 
+ References 14-17. 
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DEFINITIVE TREATMENT 


Every attempt to make an etiological diag- 
nosis must be made, once symptoms are 
under control. After the diagnosis is estab- 
lished, several modes of positive therapy are 
available. 

If asthma is based on the reaction of anti- 
gens and specific antibodies, the best treat- 
ment is to separate the patient from the 
offending antigens. For example, the cat or 
dog can be removed permanently. Then the 
problem is solved. In pollen asthma, the pa- 
tient may move to an area free of offending 
pollens or live in rooms equipped with filter- 
ing devices. Obviously such solutions are not 
always practical. Hyposensitization to offend- 
ing antigens then should be given a reasona- 
ble trial. 

In some patients, no demonstrable antigens 
appear to exist and emotional factors may 
seem important. Here, every physician can 
help by being sympathetic and attentive. In 
some, deep-rooted problems are best handled 
by an understanding psychiatrist. The attend- 
ing physician should aid the psychiatrist by 
directing medicinal therapy. 

A small group of patients develop severe, 
perennial asthma. Repeated attempts to make 
an etiological diagnosis fail. Psychiatry is fre- 
quently tried and proved wanting. These pa- 
tients often become refractory to symptomatic 
treatment and become invalids. Many can be 
relieved by the adrenocortical steroids and 
maintained symptom-free on daily doses for 


years. Initially, enough of the chosen steroids 


should be given to suppress symptoms com- 
pletely. The daily maintenance dose is found 
by lowering the daily dose until symptoms 
begin to reappear. The optimal daily dose is 
the lowest on which the patient is free from 
symptoms and is a few milligrams above the 
dose on which symptoms reappear. Patients 
have been maintained symptom-free over 
four years and have been reported in detail.¢ 
Complications have been encountered. The 
most serious is osteoporosis with compressed 
fractures of vertebrae. Attempts to control 


a 


t References 14 and 15. 
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developing osteoporosis with either ethiny] 
estradiol or testosterone are under way, but 
final evaluation must wait. It is of interest 
that some patients on rather high daily doses 
of steroid do not appear to be developing 
excess excretion of calcium in their urine, 
even though they have not received either 
estrogenic or androgenic substances. Women 
who have had an artificial menopause because 


and a prolonged visit in Arizona failed to help. On 
April 30, 1951, he was admitted to the Massachu- 
setts General Hospital with severe asthma. Care- 
ful studies failed to disclose responsible antigens 
Conservative therapy did not help. Physical exami- 
nation showed weight 153 Ib., B. P. 160/90, polypoid 
degeneration of nasal mucosa, inspiratory and ex- 
piratory wheezes, bradycardia. Laboratory studies 
showed venous pressure 110 saline; vital 
capacity in three seconds, 2.2 liter. Roentgenograms 


mm. 


showed periodontoclasia, slight thickening of mem- 
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of removal of both ovaries are especially sus- 
ceptible to osteoporosis. 

To illustrate a method of approach and 
control of maintenance steroid therapy, the 
following case is presented. The Figure out- 
lines the course. 


REPORT OF CASE 


The patient’s first asthma appeared at age 59, 
in May, 1941. Asthma was persistent from onset. 
Epinephrine 1: 1000 subcutaneously provided ade- 
quate relief for one year. Frequent hospitalizations 


branes of antra, emphysematous chest, and slight 


osteoporosis of thoracic and lumbar vertebrae. 
He was placed on After 


(700 mg.) the asthma was cleared. Within a week 


cortisone. four days 
the patient was discharged free of asthma. Until 
Oct. 31, 1953, he was maintained symptom-free on 
an average daily dose of 70 mg. of cortisone. Since 
then he has been on hydrocortisone, with an average 
daily maintenance dose of 50 mg. 

At first, his 24-hour urinary excretion of calcium 
was not above 150 mg., but in July, 1954, it became 
high. At this time roentgenograms showed pro- 
gressive osteoporosis and compressed fractures of 
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thoracic vertebrae. On testosterone his 24-hour 
urinary calcium excretion has fallen below 150 mg. 
To date he has had, fortunately, no symptoms from 
his fractured vertebrae. 

On cortisone, at age 73, he works daily. He is on 
a moderately low-sodium diet (1 gm.) daily. He has 
developed a serious complication, but the last four 
years of his life have been asthma-free and pro- 
ductive. Hydrocortisone was withdrawn in July, 
1954, but severe asthma soon necessitated return to 
steroid treatment. 

COMMENT 

Asthma can be treated successfully. Most 
patients can be cured by removal of offending 
antigens, once an etiological diagnosis is 
made. A few receive aid from psychiatry. 
Etiology can not always be determined. Fre- 
quently simple medication like epinephrine 
suffices. A few require one of the cortico- 
steroids to prevent invalidism. Long-term 
maintenance steroid therapy reinains hazard- 
ous and requires cooperation of patient and 
physician. Such therapy must be justified in 
each patient individually. Since the adreno- 
cortical steroids are effective and since they 
may cause serious side-reactions, the impor- 
tance of making an etiological diagnosis has 
increased. 

SUMMARY 

A method of diagnosis of asthma is out- 
lined. 

The importance of an etiological diagnosis 
is stressed. 

One rational approach to treatment of 


asthma is presented. 
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It appears that pulmonary edema would 
be a subject about which much agreement 
could be reached as to its definition, physio- 
pathology, clinical recognition, and _treat- 
ment. However, such is not the case. There 
exists today a marked dichotomy of thought 
between clinicians who study patients and 
physiologists who study mechanisms. The 
internist usually designates the condition by 
a physiologic term, namely, “left ventricular 
failure,” which physiologists abhor. On the 
other hand, the physiologists adhere to a 
simple clinical term, “acute pulmonary 
edema.” 

It is with the above in mind, and with the 
realization that as clinicians it behooves us 
to think therapeutically as well as physio- 
logically, that the following report is pre- 
sented. It is not intended to be an extensive 
review of the literature but simply a review 
of some of the more recent findings as re- 
lated to therapy. 


DEFINITION 

Pulmonary edema may be defined as the 
transudation of plasma into the alveoli and 
its extension by air currents into the passages 
of the respiratory tract. 
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PHYSIOPATHOLOGY 


factors that involved in 


pulmonary edema are the following as they 


The basic are 
affect the pulmonary capillary: (a) the hy- 
drostatic pressure; (>) intrathoracic pres- 
sure ; (c) protein osmotic pressure ; (d) cap- 
illary permeability ; (e) lymphatic “run off.” 

The normal hydrostatic pressure in the 
pulmonary capillary is approximately 10 mm. 
of mercury. This would tend to transude the 
fluid in the capillary into the loose lung tis- 
sue surrounding it. However, the plasma 
traversing the lung capillaries has about 7% 
protein, which produces an effective colloid 
osmotic pressure amounting to 25 or 30 mm. 
This 


a stronger force to retain fluid in the pulmo- 


of mercury. osmotic pressure exerts 
nary blood vessels. However, this retention 
force is somewhat lessened by the negative 
intrathoracic pressure (—5 to —10 mm. of 
mercury, normally) which is exerted on the 
capillary walls. 

A rise in capillary pressure above the 
colloid osmotic pressure can result if the 
resistance to the outflow of blood from the 
lungs is increased, as it is in obstruction to 
the pulmonary veins or in pure mitral ste- 
nosis or in left ventricular failure. In these 
conditions, blood pumped by the right ven- 
tricle would tend to accumulate behind the 
obstruction. Since the systemic blood volume 
is relatively large and the potential volume of 
the pulmonary vascular system relatively 
small, the additional blood forced into the 
latter will either increase the tension on the 
vessel walls or distend the vessels or both 
and thus cause the pressure in the pulmo- 
nary veins as well as in the arteries to rise. 
Pulmonary edema would develop readily, 


since intracapillary pressure is also elevated. 


It has been argued that the simple increase 
of pulmonary capillary pressure is not the 
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prime factor in the causation of pulmonary 
edema. This has been suggested because pul- 
monary edema is not often associated with 
mitral stenosis, even in instances of high 
pulmonary artery pressures. It is our belief 
that these occurrences are explainable. In 
a previous study * on the hemodynamics of 
mitral stenosis, we found some interesting 
data in relation to pulmonary vascular resist- 
ance. The data reported emphasized the im- 
portance of the role of the absolute intra- 
luminal pressure in total resistance in the 
normal pulmonary vascular bed. It is impor- 
tant to mention that resistance within a 
blood vessel can be indexed by a hemody- 
namic formula, i. e., resistance equals pul- 
monary pressure gradient divided by the 
cardiac output. Since blood vessels are dis- 
tensible, elastic structures, the intraluminal 
pressure must be an important determinant 
of the vessel diameter. Since the volume flow 
for a given pressure gradient varies with the 
fourth power of the radius of a tube, it is 
obvious that this factor can be of great 
importance. Thus, it is possible to increase 
the pulmonary vein pressure with a resultant 
increase in the cross sectional area of the 
pulmonary vascular bed, and, therefore, the 
movement of a given volume of blood is 
accomplished with a smaller pressure drop. 
As a matter of fact, Riley * found a decrease 
in the pulmonary artery pressure when a 
normal subject exercised. 

In mitral stenosis one ordinarily finds 
elevations in pulmonary artery pressure 
when the disease is advanced and of long 
duration. It is in those instances that marked 
organic changes occur in the pulmonary 
arteriole, raising the pulmonary artery pres- 
sure but actually protecting the pulmonary 
capillary at rest. 

A rise in capillary pressure above the 
colloid oncotic pressure can also occur when 
the right ventricular output is great enough 
in a given period of time to exceed the 
run-off capacity of the pulmonary venous 
tree. Sudden, rapid hypervolemia from over- 
loading the systemic return to the right 
heart is an example and can cause pulmo- 
nary edema if the reserve of the left ventricle 
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is reduced. It can also occur under condi- 
tions of hypoproteinemia or when hemodi- 
lution with saline is induced.* 

Since a membrane is involved in pulmo- 
nary edema (capillary membrane), changes 
in its permeability may occur. Just what 
initiates these changes is still unknown. It 
is possible that when the output of the 
ventricle drops below a certain critical level 
certain hormonal changes in the adrenals, 
kidneys, etc., take place. These, in turn, may 
affect the permeability of various capillary 
membranes. On the other hand, specific 
changes in the pulmonary capillary mem- 
brane permeability have been claimed for 
certain noxious compounds. Thus, when air 
containing 10% oxygen was administered 
Drinker * claimed that the permeability of 
the membranes was increased. Liljestrand ° 
reported that, under similar conditions, the 
moderate anoxia so produced caused pulmo- 
nary hypertension. The pressure rise in the 
pulmonary artery appeared to be independent 
of the increase in blood flow, the increased 
left atrial pressure, or the nervous control 
of the vessels. 

With regard to alterations in intrathoracic 
pressure as a cause of pulmonary edema, 
Drinker * demonstrated that stimulation of 
respiration by inhalation of carbon dioxide 
produces a marked increase in lymph flow 
from the lungs of the dog. He interpreted 
the experiments as indicating evidence of 
augmented filtration from the lung capil- 
laries, induced by changes of intrathoracic 
pressure as a result of the violent breathing. 

Recently a neurogenic factor in pulmonary 
edema has been proposed.* This has been 
proposed because of the frequent association 
of pulmonary edema with cranial trauma, 
cerebral hemorrhage,’ encephalitis, and even 
spinal cord lesions. Cushing,* many years 
ago, published his well-known work relating 
cerebral compression and systemic arte- 
rial hypertension. This work was affirmed 
by various workers in later years. When 
pulmonary edema did occur in association 
with these lesions, it was thought to result 
from an increase in pulmonary capillary 
permeability mediated by nerve impulses, 
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independent of that hemodynamic change 
which might readily be expected to produce 
pulmonary edema, namely, an increase in 
pulmonary capillary pressure. 

More recent investigators * have shown 
that in reality one should designate it as 
a neurohemodynamic effect rather than a 
pure neurogenic effect. Nervous influences 
that cause pulmonary edema must act by so 
changing the peripheral and central blood 
volumes that, when a shift of blood occurs, 
it must be shifted to a vascular bed with 
little or no constrictor potential, namely, 
the lung. This can be accomplished by a 
variety of means. Bradycardia and lowered 
cardiac output, peripheral hypertension oc- 
curring simultaneously with an already dam- 
aged heart, and constriction of the pulmo- 
nary venule outflow tract are some of the 
hemodynamic changes that can occur. Each 
can lead to a change in the effective trans- 
capillary filtration pressure. 

It would appear that the mechanism of 
pulmonary edema could be explained by 
factors which would allow for unbalanced 
pressure differentials to occur and therefore 
result in fluid movements into the alveolar 
and extracellular spaces. 


CLINICAL PICTURE 


The clinical picture of pulmonary edema 
has been well described and need not be 
discussed at this time. 


TREATMENT 
Pulmonary edema when not adequately 
treated kills because of uncorrected anoxic 
anoxia and hypercapnia. Every effort toward 
the prevention of pulmonary edema should 
be made. The patient who seems likely to 
go into pulmonary edema should be affected 
favorably by rest, digitalis, diuretics, salt 
balance, water regulation, and sedation. 
Granted that a patient is properly prepared 
and must undergo surgery, it is wise to add 
the antibiotic preoperatively. In the presence 
of congestion, susceptibility to pulmonary 


* References 9 and 10. 
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and other infections is increased. During 


surgery, every effort must be made to main- 


tain a clear airway. As has been mentioned 
earlier, an obstructed airway will augment 
the negative intrathoracic pressure and result 
in pulmonary edema. Blood loss must be 
accurately replaced so that overtransfusion, 
with rapid hypervolemia, does not result. 
The use of weighing scales in the operating 
rooms to determine blood loss is a useful 
adjunct to prevent overtransfusion. Saline 
and other fluids should be administered with 
caution during operation and in the post- 
operative period. As a matter of fact, it 
is best to be on the safe side and administer 
less than the so-called required amount of 
fluids to the patient who seems a likely can- 
didate for pulmonary edema. More patients, 
in our estimation, are killed by overhydra- 
tion than by underhydration. Another useful 
point is to elevate the head of such a patient 
in the postoperative period and to administer 
well-hydrated oxygen via a nasal catheter. 
Constant attention to bronchial toiletry is 
also important. These patients should be 
encouraged to cough and move about in the 
postoperative period. Prevention of abdom- 
inal distention will, of course, aid in the 
prevention of pulmonary edema by allowing 
for greater ventilatory movements of the 
diaphragm and mitigating abnormalities in 
the abdominothoracic venous pressure gra- 
dient. 


We should like to mention at this time 
that we have purposely avoided the discus- 
sion of pulmonary edema as part of the 
picture of congestive heart failure. Knowl- 
edge of the mechanism of congestive heart 
failure is still incomplete. Certainly the 
hemodynamic mechanism is not the only 
one. There is nothing to prevent the develop- 
ment of attacks of acute pulmonary edema 
in patients with chronic congestive failure. 
It is common to see the two together—the 
pulmonary syndrome develops as the chronic 
disorder worsens and disappears as the 
chronic failure improves. It is clear that, 
under these circumstances, the treatment of 
the two syndromes is essentially the treat- 
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ment of the primary disorder. However, in 
the treatment of attacks of pulmonary edema 
per se, whether isolated or associated with 
chronic myocardial insufficiency, there are 
some useful therapeutic adjuncts. 

Once pulmonary edema is present, imme- 
diate treatment should be instituted. Oxygen 
should be administered, as it serves the 
obvious purpose of facilitating correction of 
the generalized anoxia that results from 
pulmonary edema. From the previous dis- 
cussion, oxygen tends to diminish the edema 
itself, since anoxia increases the amount of 
transudation from the blood vessels of the 
lungs. We have been particularly impressed 
with the use of oxygen given under positive 
pressure breathing with a Bennett valve. 
Intermittent positive-pressure breathing *' 
tends to diminish the volume of blood enter- 
ing the right heart and, therefore, the lungs. 
It also tends to widen the bronchial path- 
ways. Recently Luisada ** has added alcohol 
vapor to the intermittent positive-pressure 
breathing and has found it beneficial because 
of its antifoaming action. We have also found 
it useful. 

Morphine alone will alleviate a large num- 
ber of attacks. It can be administered intra- 
venously. Caution is advised in the elderly 
patient and in those with pulmonary emphy- 
sema. Morphine acts by alleviating the 
labored breathing and concomitant decrease 
in intrathoracic pressure which tends to 
increase pulmonary edema. 

Digitalization, of course, is obvious. The 
rapid acting glycosides are most frequently 
used. 

From a clinical standpoint, bloodless 
phlebotomy (tourniquets) and phlebotomy 
are the most direct means of producing a 
decrease of the inflow load in the right 
heart.'* These measures will allow for an 
increase in vital capacity and occasionally 
lead to an increase in the arterial blood 
saturation. The cerebrospinal fluid pressure 
falls after venesection, a factor that in itself 
may tend to relieve dyspnea. However, it 
should be borne in mind that all these favor- 
able actions must be balanced against the 
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possibility that shock may be precipitated 
by venesection, with a resultant lowering of 
cardiac output. 

Aminophylline given intravenously or by 
suppository has definite clinical value. The 


drug is apparently a powerful relaxant of 
smooth muscle, and, therefore, the element 
of bronchospasm is relieved. It must be 
noted that aminophylline has a powerful ac- 
tion on the smooth muscle of blood vessels 
if given rapidly. This action should be 
avoided, with the bronchodilator action still 
obtained by the slow administration of the 
drug. 

As mentioned 
pulmonary edema associated with chronic 
congestive heart failure is the treatment of 
the latter disease. At this time, a discussion 


before, the treatment of 


of such treatment is not necessary. 

Finally, strong mention should be made 
of two very useful procedures: (1) atropin- 
ization, and (2) tracheotomy. Since it has 
been shown that the parasympathetic path- 
ways are involved in pulmonary edema of 
neurogenic origin (brain trauma, etc.), it 
became obvious that atropine administration 
might be of benefit. Experimentally this has 
been the case,® and atropine in patients may 
allow for a period of grace during which 
pulmonary edema is prevented and ‘operative 
intervention relieves the rising intracranial 
pressure. 

In the unconscious and semicomatose pa- 
tient or the patient with extensive fluid in 
the bronchial tree, one of the finest adjuncts 
in the treatment of these patients is trache- 
otomy. We have found it to be so effective 
that our policy has been that, when trache- 
otomy is considered, it should be done im- 
mediately. We have not been sorry in any 
instance. Tracheotomy accomplishes many 
things in these patients. It by-passes the 
vocal cords, which may be paralyzed and 
add to decreased intrathoracic pressure. It 
decreases the respiratory dead space of the 
mouth and pharynx. It allows for a direct 
passageway into the bronchial tree so that 
fluid can be suctioned out by a physician 
or a nurse. It allows for positive-pressure 
breathing, if necessary. 
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It is our opinion that in severe instances 
of acute pulmonary edema tracheotomy will 
achieve a much wider range of usefulness 
in the future than it has in the past. 


SUMMARY 


A concept of the mechanism of pulmonary 
edema is presented. Pulmonary edema, in 


all probability, is primarily the result of 


increased effective filtration pressure. When 
it is part of the picture of congestive heart 
failure, other factors must be considered and 
the treatment must be of congestive heart 
failure. 

The treatment of pulmonary edema is 
discussed. It can and should be physiologic. 
Tracheotomy as an adjunct in the treatment 
is suggested. 
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Many clinicians have had occasion to ob- 
serve that patients who have carcinoma in- 
volving an internal organ are prone to de- 
velop thrombophlebitis in one or more super- 
ficial veins. Trousseau * first wrote about this 
observation 94 years ago. In brief, he stated 
that, if the diagnosis of a suspected carcinoma 
of an internal organ could not be verified, 
the sudden and spontaneous appearance of 
thrombophlebitis in a larger vein afforded 
necessary proof for diagnosis. Trousseau’s 
basic observation stands, but in the light of 
our present knowledge certain other facts 
may be added to his statement. For example, 
the appearance of one or more lesions of 
thrombophlebitis may be the first tangible 
evidence of the presence of a visceral carcin- 
oma. It is, therefore, the obligation of the 
clinician to classify as accurately and as early 
as possible any type of thrombotic lesion en- 
countered. 

There are two types of thrombotic lesions 
which are carcinogenetic in origin. These 
are basically and otherwise closely related, 
but they are distinctive in their objective 
characteristics and in their reactions in local 
tissues. One type is indistinguishable from 
the histologically classical variety of thrombo- 
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phlebitis ; the other, more characteristic, type 
we speak of as thrombophlebitis migrans. 


CHARACTERISTICS OF THE CLASSICAL 
THROMBOTIC PROCESS WHICH OCCURS 
WITH CARCINOMA 


Since thrombophlebitis migrans may be 
considered to be a variant of the ordinary 
thrombotic process, the carcinogenetic aspects 
and relationships of these ordinary thrombi 
will first be reviewed. Much of the factual 
data concerning the occurrence of a single 
thrombus or of multiple thrombi in associa- 
tion with carcinoma, especially in the body 
or tail of the pancreas, was revealed in 
Sproul’s publication in 1938.2 Kenney, in 
1943, published his observation from a de- 
tailed study of vascular lesions which were 
associated with 51 cases of carcinoma of the 
pancreas.* Both of these statistical studies 
emphasized anew the importance of consider- 
ing the presence of multiple thrombi as a 
diagnostic criterion in suspected cases of 
carcinoma of an internal organ, more par- 
ticularly in carcinoma involving the body 
or the tail of the pancreas. These autopsy 
records show the incidence of a single throm- 
bus to be as high as 56% and the incidence 
of multiple thrombi 30% to 33% in patients 
with carcinoma involving the body or tail 
of the pancreas. 

The frequency with which such thrombi 
may be recognized clinically in carcinoma 
is evident in a report by Elman and Wheat.‘ 
These authors found that the presence of 
the ordinary type of multiple thrombi per- 
mitted an early preoperative diagnosis in 
22% of 157 collected cases of carcinoma of 
the pancreas. This discrepancy between clini- 
cal and pathological incidence is understand- 
able, since some of the single thromboses 
are atypical and minimal in degree and their 
significance may not at first be appreciated. 
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| refer, for example, to the frequency of small, 
localized areas of thrombosis which occur 
at the sites of venipuncture in patients with 
carcinoma of either the stomach or the pan- 
creas. 

These single or multiple thrombi have no 
unusual characteristics to indicate that they 
are carcinogenetic in origin. The presence of 
carcinoma may be suspected, but the diag- 
nosis must be confirmed through other in- 


vestigations. 


CHARACTERISTICS OF THROMBOPHLEBITIS 
MIGRANS 


Fortunately, the lesions of thrombophlebitis 
migrans seem for the most part to be more 
uniformly characteristic and are more easily 
recognized as such. These vascular lesions 
are usually multiple. Eighty per cent occur 
in male patients beyond the age of 35 years. 
They may occur as a related group in a 
limited body area, but the lesions are more 
likely to be widely scattered and involve any 
part of the body or extremities. Each in- 
dividual lesion affects only a short segment 
of the veins. The lesions are usually reddened 
and intensely inflamed and tender and are 
frequently fulminant. Their most significant 
characteristic is that they appear, gradually 
subside within two or more weeks, and within 
a similar period may recur along the course 
of the same or neighboring veins. Fever and 
leucocytosis are generally a conspicuous part 
of each flare-up. Although the obvious le- 
sions are evident ofily in superficial veins, 
the involvement of deeper veins, including 
those of various viscera and of the mesentery, 
state that 
at autopsy it was found that 5 of 13 cases 


may occur. Sullivan and Walske ® 


had extensive involvement of mesenteric ves- 
sels. Panthrombophlebitis may occasionally 
be observed. 

Another unusual characteristic of thrombo- 
phlebitis migrans is the concurrent develop- 
ment in its later stage of nonbacterial, fibrin- 
ous vegetations on heart valves. These vege- 
tations commonly give rise to superficial 
arterial emboli or pulmonary emboli. Thus, 
the same patient may exhibit numerous le- 
sions of thrombophlebitis migrans and, coin- 
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cidentally, also show evidence of multiple 
embolic phenomena.'* When these two condi- 
tions are both present, the diagnosis of vis- 
ceral carcinoma may be made, almost with- 
out question. 

In fact, as a working hypothesis, the pres- 
ence of a single, spontaneous thrombophlebi- 
tic lesion must be regarded with suspicion 
until its status is proved; multiple thrombo- 
phlebitic lesions strongly suggest the pres- 
ence of visceral carcinoma, especially of the 
pancreas, and the presence of typical lesions 
thrombophlebitis migrans may, with rare 
exceptions, be regarded as being pathogno- 
monic of visceral carcinoma. It is nowise 
clear why the altered biochemical mechanism 
should on one occasion produce but a single 
evident lesion of thrombophlebitis, in another 
instance multiple thrombi, and in still another 
the quite different type of thrombotic mani- 
festations of thrombophlebitis migrans. 

Both the single and the multiple types 
of these carcinogenetic thrombi may need 
to be differentiated from so-called idiopathic 
thrombophlebitis. This latter type has been 
observed to occur intermittently for years 
without the development of carcinoma. There 
is seldom any difficulty in differentiating 
other thrombotic lesions from the classical 
lesions of thrombophlebitis migrans. 


FREQUENCY OF OCCURRENCE OF THROMBO- 


PHLEBITIS MIGRANS 
The significance of these thrombophlebitic 
lesions is not always fully appreciated. In- 
quiry made at a few clinics indicated an ex- 
treme paucity of such cases. Actually, the 
phenomenon is not a rare one by any means; 
at least Wright and his co-workers ° were 
able to confirm the diagnosis of carcinoma 
in 20 patients in whom the disease process 
was not suspected until the lesions of multiple 
thrombi or thrombophlebitis migrans sug- 

gested the presence of visceral carcinoma. 


HISTOLOGICAL AND INFECTIOUS FACTORS 


Various reports concerning the histological 
changes of the vein wall indicate that there 
are no significant local inflammatory changes 


accompanying the ordinary type of multiple 
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thrombi. Kenney’s studies of autopsy find- 
ings in 30 cases showed no unusual reaction 
within the vein walls. Cultures from the vein 
and thrombus are usually negative. Barker 
made cultures in 11 cases, all of which were 
negative.’ Blood cultures are usually negative 
also.* Only rarely have tumor cells been 
found to have invaded the area of the throm- 
bephlebitis.¢ These reports apparently refer 
in most instances to the type of multiple 
thrombi associated with carcinoma. Detailed 
histological reports are lacking concerning 
the reddened, inflamed, and exquisitely ten- 
der lesions of thrombophlebitis migrans in 
their different stages. 


COAGULATION FACTORS 


The usually measured factors in coagula- 
tion, such as the sedimentation rate, thrombo- 
cytes, bleeding and clotting time, plasma 
fibrinogen, prothrombin time, and studies 
of hepatic function, are not sufficiently de- 
ranged to be a causal factor in the thrombo- 
phlebitis. Speculative theories about platelet 
adhesiveness and the effect of thrombocytosin 
are as yet unproved.* There is, however, a 
marked reduction in the thrombosing tend- 
ency in the presence of jaundice, as would 
normally be expected.’ 


TIME OF APPEARANCE OF LESIONS OF 


CARCINOGENETIC THROMBOPHLEBITIS 


The significance of these vascular lesions 
assumes an added importance with a proper 
appreciation that they may at times serve 
as a criterion in the early diagnosis of car- 
cinoma. Not infrequently, at the time the 
thrombophlebitis is observed there may be 
no other signs or symptoms to suggest the 
presence of carcinoma. In certain cases, the 
migrating thrombophlebitis may not appear 
until the terminal weeks of the patient’s 
illness ; however, it is not uncommon for the 
ordinary thrombotic lesions to be observed 
several months or even a year before the 
carcinoma would otherwise be diagnosed.° 
It has, in fact, been repeatedly emphasized 
that in a certain number of cases confirmatory 


+ References 2 and 6. 
382 


ARCHIVES OF INTERNAL MEDICINE 


evidence of the presence of an obscure vis- 


ceral carcinoma may not finally be proved 
except by operation or autopsy. 


LOCALIZATION OF LESIONS OF THROMBO- 
PHLEBITIS MIGRANS 


There is no certain or fixed pattern of 
localization of these lesions. They occur in 
previously healthy veins, and, as a rule, one 
extremity or more may be involved. The le- 
sions rarely occur in varicosities of the lower 
extremities or around the site of varicose 
ulcers. Occasionally, when a sufficient num- 
ber or all of the lesions are closely grouped 
together, this localization may indicate that 
the carcinoma has originated in a nearby 
locus. For example, a bronchogenic carcin- 
oma with extension to the upper mediastinum 
may be accompanied by multiple areas of 
thrombophlebitis in veins of the neck, shoul- 
der area, and upper lateral chest wall. Far 
more frequently the lesions of thrombo- 
phlebitis migrans are widespread and in- 
volve the extremities in particular. 


VISCERA INVOLVED IN CARCINOMA 


In an earlier period it was thought that 
thrombophlebitis migrans was limited to 
cases of carcinoma originating only in the 
pancreas. It is true that by far the greatest 
number of cases has been reported to occur 
when carcinoma involved the body or tail 
of the pancreas. Rather strangely, multiple 
thrombi occur infrequently when the carcin- 
oma involves the head of the pancreas. 
Sproul? found only three such cases, or 
9.7% ; Kenney found none in his series.* 
Gradually accumulated data indicate that the 
malignant lesion may, in lesser frequency, 
be primary in any viscera. Thrombophlebitis 
migrans has also been observed to occur 
in cancer involving the liver, lungs, stomach, 
gall bladder, and, more rarely, the urinary 
bladder, ovary, rectum, and uterus and in 
clinically silent leukemia. 

The degree of specificity of the influence 
of carcinoma cells upon thrombus formation 
will be evident in the ensuing points to be 
reviewed. 





THROMBOPHLEBITIS MIGRANS AND (¢ 
TYPES OF CARCINOMA ASSOCIATED WITH 
MULTIPLE THROMBI 

Thrombophlebitis migrans as a tissue re- 
sponse has not been observed in nonmalig- 
nant tumors, even in nonmalignant tumors 
of the pancreas. Studies of 25 cases which in- 
volved benign epithelial tumors which arose 
in the pancreas revealed the presence of a 
single thrombus formation in only 9 instances, 
and no case showed multiple thrombi ?; also, 
in 83 reported instances of metastases to the 
pancreas there was no single instance of 
multiple thrombi *; however, other opinions 
differ on this point. It seems significant also 
that the presence of multiple thrombi is said 
to be quite rare in patients with sarcoma 
and that the lesions of thrombophlebitis mi- 
grans are reported not to occur in association 
with this type of tumor. 

There is considerable evidence to suggest 
that the phenomenon of multiple thrombi oc- 
curs exclusively within the group of muci- 
nous carcinomata.t 
that in all cases of carcinoma of the body or 
tail of the pancreas in which multiple thrombi 
are found the tumor was of the mucinous 
In 13 cases observed by Sproul, all 


It has been pointed out 


type. 
except 1 patient with multiple thrombi had 
mucinous foci in the primary tumor; only 
the 13 cases showed mucin and no 
thrombi. To what extent these observations 
apply to those cases of carcinoma which ex- 
hibit the lesions of thrombophlebitis migrans 
is as yet not entirely clear. It is certainly not 
difficult to prove that tissues such as the 


3 Of 


prostate, which are seldom the source of a 
mucus-producing carcinoma, have, corres- 
pondingly, an exceedingly low incidence of 
thrombophlebitis migrans. Thus far, the 
causal relationship of mucus-producing carci- 
nomata and the action of mucolytic enzymes 
as a factor in producing thrombophlebitis or 
thrombophlebitis migrans have not been ade- 
quately explored or explained. 


THE DEGREE OF MALIGNANCY DETERMINES 
THE FREQUENCY OF THROMBOPHLEBITIS 
The frequency of the occurrence of multi- 


ple thrombi is reported to be greater as the 


t References 10 and 12. 
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gradient of the malignancy increases ; in other 
words, the incidence both of venous throm- 
bosis and of metastases was greater with the 
increase in the grade of malignancy.*' One 
can but speculate whether the same factor 
which determines the more rapid growth and 
invasiveness of the carcinoma also determines 
the frequency of the occurrence of multiple 
venous thrombi; at least it may be said that 
there is apparently a quantitative factor, act- 
ing directly or indirectly, in the production 
of multiple thrombi. 

Another interesting relationship has been 
pointed out in the reported cessation of the 
occurrence of multiple thrombophlebitis after 
surgical removal of the original or primary 
site of carcinoma.® This observation further 
suggests a direct carcinogenetic effect in the 
production of vascular thrombi. What effect 
hypophysectomy, performed for its ameli- 
orating effect upon bone metastases, will have 
upon these thrombotic manifestations will be 
a point of interest. 


EFFECT OF ANTICOAGULANTS IN MULTIPLE 
THROMBOPHLEBITIS 


Wright ® has made the significant obser- 
vation that anticoagulant therapy in throm- 
bophlebitis associated with malignant disease 
may be effective in an early stage but that 
such therapy may be without long-range 
benefit ; in other words, the thrombophlebitis 
may break through and recur despite the use 
of ordinary doses of anticoagulants. Wright 
has also properly emphasized that when there 
is a recurrence of the thrombosis during ade- 
quate therapy the likelihood of the presence 
of unproved carcinoma is much more to be 
suspected. This observation seems to be in- 
creasingly true if the patient is beyond the age 
limit of 35 or 40 years. 


ETIOLOGICAL ASPECTS OF MULTIPLE THROM- 
BOPHLEBITIS AND THROMBO- 


PHLEBITIS MIGRANS 


A comprehensive review of possible etio- 
logical factors pertaining to either of these 
conditions is not within the scope of this 


The etiological mechanism should 
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provoke more than academic interest ; poten- 
tially, it may very well be the means in the 
future of providing biochemical tests which 
will indicate the presence or absence of car- 
cinoma. 

A broad etiological concept presupposes 
the elaboration of a substance by the tumor 
cells which directly or indirectly influences 
the clotting mechanism to the extent that a 
characteristic type of thrombophlebitis oc- 
curs. Numerous attempts have failed to sub- 
stantiate this hypothesis. For example, since 
the normal serum inhibitor against trypsin is 
frequently elevated in patients with carci- 
noma it was hoped that a measurement of 
this inhibitor might show a consistent in- 
crease sufficient to prove the presence of 
however, Peacock and Sheehy™® 
failed to find any significantly 
value in the study of 648 patients with cancer. 
thrombophlebitis migrans occurs 


carcinoma ; 
increased 


Since 


predominantly in carcinoma of the pancreas, 
there is, of course, the intriguing speculation 
about the effects of mucolytic and other pro- 
teolytic enzymes upon the clotting mechan- 


ism. Evidence suggests that the vascular 
thromboses are probably not from immediate 
or direct action of, or lack of, amylase, pro- 
tease, or lipase. Thus far, apparently no cor- 
relation of our knowledge of enzyme physio- 
pathology permits any final deductions. 
Many other possible factors have been pro- 
posed, directed more particularly to those 
cases of malignant disease not involving the 
pancreas. Differences in isoelectric potentials 
have been found in the area of the vein wall 
in ordinary thrombi, but I have observed no 
reports of such measurements in thrombo- 
phlebitis migrans. Changes in antithrombin 
titers, depression of A-C globulin, an alleged 
increase in prothrombin activators in carci- 
noma, platelet adhesiveness, mobilization of 
thrombocytosin, and numerous other investi- 
gations have been reported to show signifi- 
cant alterations, but no acceptable or proved 
etiological factor has yet been presented. 


SUMMARY AND CONCLUSIONS 


From this review of reported observations 
concerning the two types of carcinogenetic 
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thrombophlebitis, the following statements 
may be made: 

Of these two recognized types, one is indis- 
tinguishable from classical thrombophlebitis ; 
the other presents the characteristic lesions 
of thrombophlebitis migrans. 

The occurrence of either type, particularly 
in a male patient beyond the age of 35 years, 
warrants a presumptive diagnosis of visceral 
carcinoma until disproved. 

Prompt recognition of either of these types 
of thrombophlebitis may permit detection of 
carcinoma months earlier than it might other- 
wise be discovered, thus affording more 
prompt use of protective anticoagulant ther- 
apy and perhaps more successful surgical 
procedures. 

Unsuccessful control of thrombophlebitis 
by ordinary doses of anticoagulants should 
cause the clinician to suspect the presence of 
carcinoma. 

The presence of typical lesions of thrombo- 
phlebitis migrans is usually pathognomonic of 
well-advanced visceral carcinoma. 

A better understanding of the associated 
factors concerned in carcinogenetic thrombo- 
phlebitis should throw new light on the entire 
problem of thrombogenesis. 

A more complete analysis of the biochemi- 
cal changes involved in the etiology of these 
types of thrombophlebitis may also reveal or 
provide a reliable test for the presence of 
carcinoma, a goal for which the medical world 
is waiting. 

ABSTRACT 

Dr. J. 


Thrombophlebitis should be 


OF DISCUSSION 


Minn. : 


considered not as a 


EarLe Estes Jr., Rochester, 


disease entity per se but as a signal that some basic 


pathologic state may exist elsewhere in the body 


of the person afflicted. Systemic diseases in which 


single or recurrent episodes of thrombophlebitis 
are known to occur include thromboangiitis oblit- 
erans; blood dyscrasias, such as polycythemia vera, 


leukemias, and anemias, and heart disease, such as 


myocardial infarction or cardiac decompensation. 
Any 


manifestations an episode of thrombophlebitis. The 


infectious disease may have as one of its 


occurrence of the latter in the postoperative and 


postpartum states is well known. Local disturb- 


ances such as trauma, intravenous infusions, or 
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localized infections may result in thrombophlebitis 
due to direct involvement of a vein. 

As Dr. Durham has so ably emphasized, the 
thrombophlebitis and malignant 
tumors of viscera has been referred to by several 
been demonstrated that 


association of 


authors. It has 
carcinoma of the pancreas is the neoplasm most 
episodes of thrombo- 
tumors of the 


medical 


frequently complicated by 
phlebitis. In addition, malignant 
pelvis, retroperitoneal space, abdomen, thorax, and 
neck have been similarly implicated, although with 
lesser frequency. Specific organs, malignant tumors 
of which have been associated with episodes of 
thrombophlebitis in my experience, are listed in 
the Table. In my opinion, almost any extensive 
malignant process may have, as one of its mani- 
festations, episodes of thrombophlebitis, involving 
either superficial or deep veins. It has been sug- 
gested that such episodes might assist physicians 
in making an “early” diagnosis of malignant 
tumors. However, the experience of my associates 
and me has been that when such episodes occur as 
manifestations of malignant disease they constitute 
almost without exception evidence of inoperability 
local invasion or 


due to metastasis or extensive 


both. 
After all possible causes for thrombophlebitis 


have been considered, however, there remains a 


group of patients in whom thrombophlebitis de- 

velops without apparent cause. For lack of a better 

understanding of the abnormal physiology in- 

Tumors and Thrombophlebitis: 
Organs Involved 


Valignant 


Pelvis 
Ovary 
Uterus 
Prostate 
Rectum 


Neck 
Thyroid 
Larynx 


Thorax 
Breast 
Lung Retroperitoneal space 
Kidney 


Abdomen 
Lymphosareoma 


Stomach 
Gall bladder 
Liver 
Pancreas 
Colon 


Liposarcoma 


Miscellaneous 
Osteogenic sarcoma 
Lymphosarecoma, Hodg- 
kin’s disease 
Plasmacytoma 


volved, these patients are said to have idiopathic 
thrombophlebitis. This occur in 
multiple episodes; if multiple, the term “recurrent 
idiopathic thrombophlebitis” used. The 
term “thrombophlebitis migrans” has been used to 


may single or 


may be 


designate this syndrome as well as other instances 
of recurrent thrombophlebitis regardless of what 
the underlying cause may have been. I believe 
that there is valid objection to use of the term 


CARCINOMA 


’ 


“thrombophlebitis migrans” because of the con- 
notation that this represents a distinct entity. My 
associates and I feel that it is not possible to 
identify different types of thrombophlebitis from 
the clinicopathologic standpoint. Thrombophlebitis 
occurring as a manifestation of malignant disease, 
infection, or heart disease, for example, is indis- 
tinguishable from that occurring in the postopera- 
tive or postpartum state, in leukemia, or idio- 
pathically. Nor have we recognized a syndrome 
of thrombophlebitis associated with vegetations on 
the heart valves productive of arterial emboli. 

In what appears to be idiopathic thrombophle- 
bitis it becomes important at times to distinguish 
between a single and a recurrent episode. Acker- 
man and Estes (Ackerman, R. F., and Estes, J. E.: 
Prognosis in Idiopathic Thrombophlebitis, Ann. 
Int. Med. 34:902-910 [April] 1951) studied 88 
patients who had had single or recurrent episodes 
of thrombophlebitis without apparent cause. These 
patients were followed for at least five years. Of 
29 patients classified as having had a single episode 
of idiopathic thrombophlebitis, only 2 experienced 
a subsequent recurrence and only 1 experienced 
a subsequent disease that may have been related 
to the thrombophlebitis. The last-mentioned patient 
was a woman in whom cancer of the breast de- 
veloped seven years after a single episode of throm 
bophlebitis. It seems doubtful that the two con- 
ditions are related in this instance. On the other 
hand, of 59 patients classified as having had re- 
current episodes of idiopathic thrombophlebitis, 25 
continued to have recurrences and 8 experienced 
some disease that may have been related to their 
thrombophlebitis; the possibly related disease was 
a malignant one in 5 of the 8 patients, polycy- 
themia vera in 1, and thromboangiitis obliterans 
in Z. 

Thus, it may be seen that it is important to dis- 


tinguish between patients who have had a single 
episode and those who have had multiple episodes 
of idiopathic thrombophlebitis. When confronted 
with a patient who has had a recent single episode 
of thrombophlebitis and who has no evidence of a 


cause for after 
routine laboratory investigation, 
not press the investigation further. However, pa- 


examination and 


I ordinarily do 


this thorough 


tients who have had two or more recent episodes 
of thrombophlebitis should have a searching in- 
vestigation for causative disease, particularly for 
a malignant neoplasm. 

In closing, I would like to reemphasize the diag- 
nostic significance of thrombophlebitis that recurs 
in spite of anticoagulant therapy productive of 
therapeutic levels of plasma-prothrombin activity. 
This is almost always evidence of a malignant 
tumor that is inoperable. 
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A Report of One Hundred Seventeen Cases 
HERMAN GOLD, M.D., Chester, Pa. 


HSNAUNLNRUAQ RUTHIN 


Since 1933, I have had the opportunity to 
study 117 cases of anthrax, 116 of which 
were of the external or cutaneous type and 
1, of the internal, or pulmonary, variety. 
In all cases, the clinical diagnosis was con- 
firmed bacteriologically by means of suitable 
smears and cultures performed at the Chester 
Hospital by Dr. G. B. Sickel. As reported 
in a previous communication,’ virulence 
tests done on guinea pigs, rabbits, and sheep 
with anthrax bacilli recovered from some 
of the cases revealed them to be highly 


virulent strains. 


CUTANEOUS ANTHRAX 

In this series, one patient, the very first 
case, died, giving a mortality rate of 0.8%. 
The subsequent 115 cases recovered without 
any sequelae. One hundred four originated in 
a local mill that uses goat hair in the manu- 
facture of interlining for men’s coats. The 
hair is imported from the Orient (China, 
India, Pakistan) and North Africa (Mor- 
occo) in accordance with existing but totally 
inadequate federal regulations. Six cases oc- 
curred in a subsidiary Philadelphia plant 
through the use of contaminated hair bob- 
bins; one was in a driver who had hauled 
a truck-load of bales of hair a few months 
before he developed anthrax of the neck; 
four were in persons who lived in the village 


attached to the mill (three of these were 


Submitted for publication June 13, 1955. 

Read before the Section on Internal Medicine 
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children) ; one case was a girl of 12 who 
contracted anthrax after washing her father’s 
work-shirt (carder ). 

Widespread dissemination of anthrax ba- 
cilli throughout the local plant is evidenced 
by the distribution of cases through the vari- 
ous departments (Table 1). Collateral studies 
performed in 1955 * resulted in the recovery 
of Bacillus anthracis from air samples and 
dust collected from machinery, walls, floors, 


TABLE 1.—Distribution of Anthrax Cases 


No 
Department of local mill 
Spinning 
Drawing 


REE Cesveeuseicskesch tculsdendmauda ud ‘ 
Doffing 

i. |) ren , 

Warehouse. 

Sweeper 

Machinist 


Philadelphia Mill. 

NG ks anak a8 8. os de oe os0 tek ; 
Village resident............... 
Children 


Grand total of cases........ , ‘ 116 


clothing, and body surfaces of workers in 
practically every department of the mill. 
The monthly and yearly distribution of 
cases is shown in Table 2; the sharp increase 
noted in 1940 and 1941 is undoubtedly re- 
lated to World War II and the resulting 
relaxation of regulations at the port of exit, 
as predicted by Smyth.? The cases occurred 
a few at a time, in close succession, and were 


* Anthrax sampling program carried out under 
supervision of Camp Detrick and U. S. Public 
Health Service personnel. 
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TasLe 2.—Seasonal and Yearly Distribution of 


Anthrax Cases 


Cases, Cases, 

Month No. Year No. 

SS ee ‘ 7 ae rr 6 
eRe $ 

Feb............. 16 SS 
1936... Laan 2 

Marceh..... 16 1937... { 
: 1938... 05 2 
April.... 7 1939... a 6 
ou 9 

May.... 10 10... ws 
1941... 15 

June... 9 1942... 5 
1943... ; 5 

July... 10 1944... 7 
1945... 3 

Aug... 9 1947.. 1 
1948.. 4 

Sept... ; ‘ 4 1949... 4 
1950... 10 

Oct... 9 1951... 6 
. RTT Sse 5 
Nov... i 1953... 3 
Dee... Py 1954... ; 6 
1955 2 

116 116 


usually related to the passage through the 
mill of a new batch of hair. No monthly or 
seasonal increase, as such, was noted in this 
series; any variation is most likely related 
to the seasonal demands of the clothing trade. 
Fifty-nine patients were male, and fifty- 
seven were female; all but five were white. 
Their ages ranged from 3% to 62 years. 
The sex and color incidence simply reflect 
the number of white females employed in 
this particular industry. 
is shown 


the lesion in 


Table 3; 47 patients had anthrax of the face 


The location of 


and neck, sites associated in the past with 
the highest mortality rate. 

Definite trauma to the skin was present 
in many of the cases; usually it consisted 


TaBLeE 3.—Site of Anthrax Lesion 
Cases, 
Location No. 
ne ERS a SF ee eT > 34 
RE IS nae Ret? Ve ee 13 
RR ERS PERE RS RES REI ke ROE 7 
LG. cS cbnevvckh skews cok sscateses> 28 
RMN aciog dss wade da dinp keds zeyred ts ‘ s 
PE atc Pheieskakta dens eebeho genes s 22 
EO On ee EO, FT Ee TT ee 3 
ia Deed oe ciah pes ehbs Moerkeb ee buases 1 
BN bas aa Asaahiow Nome wees ae 116 
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of a minor scratch. On several occasions | 
noted that some workers with severe multiple 
puncture wounds contracted on heavily con- 
taminated carding machines escaped anthrax, 
while subsequently, after a minor scratch, 
they developed a typical lesion. Whether 
this was due to the vagaries of chance or to 
variations in individual resistance is not 
known. In some patients, no history or evi- 
dence of local injury was found. 

The incubation period in this series varied 


from 12 hours to 5 days, with an average 
of 3 day S. 


The appearance of the lesion differs with 


its age. Very early, it looks like a flea-bite 





Fig. 1 (Case 115).—Note the large tense single 
vesicle with surrounding edema. It is occasionally 
seen early in anthrax (first two days). The center 
vesicle ulcerated and became the seat of 


of the 


eschar formation. 


or tiny pimple. In a few hours, the papule 
enlarges and appears fleshy. Soon its top 
turns brown and is surrounded by a ring 
of erythema. On the second day, fine tight 
shiny yellow vesicles encircle the apex of 
the papule, and painless nonpitting edema 
appears and soon spreads beyond the papule’s 
vicinity. I have seen this edema reach the 
level of the iliac crest in anthrax of the neck. 
Occasionally, a single large tense vesicle is 
seen enclosing the papule (Fig. 1). As the 
vesicles enlarge, they discharge a serosan- 
guineous fluid rich in anthrax bacilli but 

















ANTHRAX 





large 


Lesion consists of a 


117). 
hemorrhagic vesicle surrounding the original site 
of trauma that looked like a hang nail.” 
Edema of the midfinger present. 


Fig. 2 (Case 


“torn 


poor in cellular content, and the depressed 
center of the papule turns brown until the 
third or fourth day, when it becomes black. 
On the fifth to seventh day, a tough dry 
eschar covers the center of the ulcer and 
soon spreads into the crusting peripheral 
vesicles. Thereafter, the eschar separates at 
the periphery, and at the end of 12 to 14 
days it sloughs out, leaving a shallow ulcer 
that heals by granulation (Figs. 2-5). In 
toxic cases, the edema is accompanied by 
lymphangitis and/or cellulitis of the over- 
lying skin, with considerable local pain and 
tenderness, but as soon as this inflammatory 
reaction subsides the anthrax lesion becomes 
painless again. Itching at the site of the 
papule may be an early and striking com- 
plaint. Regional adenopathy is usually present 
in the first few days; its clinical detection 
may be preceded by considerable local pain 
and tenderness, in contrast to the anthrax 
lesion and edema, which are characteristically 
painless. The adenopathy may be accom- 
panied by edema of the overlying soft tissues 
remain palpable but otherwise 


and may 





asymptomatic for days or weeks after the 
lesion has healed. 

Signs of systemic reaction varied in these 
patients. Some were asymptomatic, but most 
of them had headache, malaise, and fever 
ranging from 99.2 to 102 F or higher ; blood 
cell counts were most frequently within 
normal limits; in a few patients a neutro- 
philic leucocytosis (from 10,500 to 13,500) 
was seen. Blood cultures were sterile in all 
patients. Even in Case 1, the blood culture 
made 39 hours before death was negative 
for B. anthracis, but at autopsy the organism 


was recovered from various organs. 


TREATMENT 
The first 21 cases were treated with anti- 
anthrax serum. Each patient required an 
optimum dose that varied from 250 to over 
1000 cc. of serum given intravenously.+ This 


+ References 3 and 4. 


Fig. 3 (Case 26).—Typical lesion, three to four 
days old. The center is dry, black, and surrounded 
by a ring of vesicles that contain a hemorrhagic 
fluid. Painless edema encircles the anthrax lesion. 





389 














Fig. 4 (Case 8).—Note the extensive edema that 
surrounds the anthrax lesion. 


therapy, although effective, resulted in pro- 
longed morbidity, from the severe horse- 
serum sensitivity reactions that ensued. In 
1939 I tried the sulfonamides and found them 
to be efficacious in the treatment of anthrax. 
Sulfathiazole was considered the drug of 
choice. An initial dose of 2 to 3 gm. fol- 
lowed by 1 gm. every four hours for 2 to 3 
days served to check the spread of the edema, 
with subsidence of fever, tachycardia, and 
malaise. Thereafter, the drug was continued 
at a lower dose until the local signs of an- 
thrax infection subsided and the organism 
was no longer recovered on culture from 
the lesion. When an occasional failure was 
encountered I resorted to antianthrax serum. 
By 1947, I had successfully treated 56 cases 
with the various sulfonamides, most of them 
as ambulatory patients, with marked decrease 
in the morbidity and cost of illness. As ex- 
pected, reactions to the sulfa drugs such as 
vertigo, hematuria, urticaria, and dermatitis 
were encountered rather frequently, but the 
advantages of this form of chemotherapy 
were so great that the serum was seldom 
used. The last member of this group (Case 
76), with a lesion of the forearm, proved 
refractory to high doses of sulfathiazole, 
but the spreading edema and lymphangitis 
were brought under control within 24 hours 
after the injection of 100,000 units of crystal- 
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line penicillin followed by 40,000 units every 
3 hours. Thereafter, I used penicillin and 
the broad-spectrum antibiotics exclusively in 
the treatment of anthrax. 

In vitro sensitization tests performed with 
anthrax bacilli recovered from some of these 
patients demonstrated marked sensitivity of 
( Terra- 


the organism to oxytetracycline 
mycin), erythromycin, chlortetracycline 
(Aureomycin), chloramphenicol (Chloro- 


mycetin), tetracycline (Achromycin), peni- 
cillin, and streptomycin and resistance to 
neomycin and polymyxin (Tables 4 and 5). 

Five patients were treated with penicillin, 
either crystalline or in repository form. | 
prefer to give a large initial dose of crystal- 
line penicillin (100,000 to 500,000 units). 
followed by either 20,000 to 50,000 units 
every 3 to 4 hours or 600,000 units of peni- 
cillin procaine suspension every 12 to 24 
hours, depending on the location and severity 
of the infection. In 24 to 48 hours, the spread 
of the edema is checked and the local ery- 
thema, if present, subsides. Thereafter, the 
dosage of penicillin is reduced to 300,000 
to 600,000 units daily, but treatment is cen- 
tinued until the edema clears completely 
(two to three days). Painless adenopathy 
may persist for days or weeks and is no 
indication for continued therapy. The papule 


Fig. 5 (Case 23)—Large eschar separating at 
the periphery of the anthrax lesion. Ring of vesicles, 
dry and crusty. Edema has subsided. 
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TaBLE 4.—Bacterial Sensitivity Tests * 


Aureo Chloram- Peni- Strepto- Neo- Poly- Oxy tetra- 
Case No myein, + phenicol,y ceillin, 4 mycin, 4 mycin, y myxin, y eycline, + 
84 ‘ Pr Ae ‘ pi 0.1¢ 3.12 <0.1 3.12 5.0 >25.0 <0.1 
ci 1.0 
85.. ame “2 ata pi 0.1 3.12 pio! pi 3.12 5.0 >25.0 <0.1 
ei 1.0 ci 1.0 ej 12.50 
56 : Sree ee pi 0.1 3.12 <0.1 pi 3.12 5.0 25.0 <0.1 
ei 1.0 ei 12.50 
87 ipwantkee . pi 0.1 3.12 pi 0.1 pi 3.12 5.0 25.0 0.1 
ei 1.0 ei 1.0 ei 12.50 
$8 reeatslews , <0.1 12.50 pi 1.0 pi 3.12 pi 5.0 >25.0 <0.1 
ci 5.0 ei 12.50 ei 25.0 
89 * 3 <0.1 pi 3.12 pi 1.0 pi 3.12 pi 5.0 >25.0 <0.1 
ei 12.50 ei 5.0 ei 12.50 ci 25.0 
90... : ae ee eae <0.1 pi 3.12 <0.1 pi 3.12 5.0 >25.0 01 
ei 12.50 ei 12.50 
91.. ; caress ‘ <0.1 pi 3.12 pi 0.1 3.12 5.0 >25.0 <0.1 
ci 12.50 ei 1.0 f 
2... SAA EC hee ko <0.1 3.12 1.0 3.12 5.0 >25.0 <0. } 
SUA TADS sles k cesta shia nanade avenue <0.1 pi 3.12 <0.1 pi 3.12 <0.1 
ei 12.50 ci 12.50 
ere pegaeedestpesswaseseses <0.1 pi 3.12 <0.1 pi 3.12 
ei 12.50 ej 12.50 <0.1 


* Performed in the Laboratory of the Division of Infectious Diseases of the Hospital of the University of Penn- 
sylvania through the courtesy of Dr. W. P. Boger. (From Practice of Medicine, edited by F. Tice, Hagerstown, Md., 
F. W. Prior Company, Inc., Vol. 5, p. 17.) 

+ Pi, partial inhibition; ci, complete inhibition. 


TABLE 5.—Bacterial Sensitivity Tests * 











Serial Dilutions 


a 
Chlortetra- Chloram- Strepto- Oxytetra- Tetra- Sensitive Sensitive 
cycline, phenicol, Penicillin, mycin, cycline, eycline, to Erythro- te Tetra- 
Case No. 4 y/MI. 15 y/ M1. 1 Unit/ M1. 15 y/M1. 6 y/MI. 5 y/M1. mycin eycline 
SM wun cavkavecea eas Sensitive Sensitive Sensitive Sensitive Sensitive reper: a 0.19 y/ml. 0.048 y/m] 
eS an sb-seeae sets Sensitive Sensitive Sensitive Sensitive DN as kdanbccs 0.09 y/ml. 124 v/ml. 
rT ee eT Sensitive Sensitive Sensitive Sensitive Sensitive PEN, Natecasetes.  — soecavasead 
Mv ncctesverdassaves Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive CIDE GIMES > sicccnceacee 








* Performed in the Laboratory of the Division of Infectious Diseases of the Hospital of the University of Pennsy]- 
vania through the courtesy of Dr. E. L. Foltz. 


TaBLeE 6.—P 











lasma Levels of Antibiotics 











Plasma Levels, y/MI. After Oral Dose* 











Dose, "es ce se aap * Selene ~ 6 
Case Drug Mg. Hour Hour Hours Hours’ Hours Hours 
OD, s Spans s bearseresas Oxytetracycline 500 8 16 16 - 16 
Deirades env eu oe bhahs ge Oxy tetracycline 750 & 16 16 Me 16 ee 
DP idee dea denys conan es Oxytetracycline 500 8 16 16 a 16 
Siow dicnsncssicwe eens pes Oxy tetracycline 500 8 l¢ 16 a 16 
aie TARAS bs diewadunen Oxytetracycline 500 - 16 jel Pr 16 
Chloramphenicol 750 ‘y 120 120 %” 60 
te BR ee ee ee Chloramphenicol 250 Sa “a <7.5 a <7.5 af 
NR Ores Sree Chloramphenicol 1,000 a ee 60 e 45 30 
Chloramphenicol 500 Ne bea 20 ia 10 5 
PRS Pate es enced cases dccy Chloramphenicol 500 - 20 20 10 20 
~ ere ere peer Chloramphenicol 750 .s 20 15 7.5 15.0 
is iin asc tes cokeeieins Chloramphenicol 750 < 22.6 30 22.6 
OW. Si55ccapdedratumen tes Chloramphenicol 750 i 22.6 30 15 15 ‘aa 





* Performed in the Laboratory of the Division of Infectious Diseases of the Hospital of the University of Pennsyl- 
vania through the courtesy of Dr. W. P. Boger. (From Practice of Medicine, edited by F. Tice, Hagerstown, Md., 
F. W. Prior Company, Ince., Vol. 5, p. 19.) 
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itself does not seem to be affected by the 
treatment given; it goes through its various 
stages as described. However, in most cases 
anthrax bacilli disappeared from the lesion 
in 24 to 48 hours. In one case (Case 101) 
B. anthracis was recovered from the lesion 
60 hours after treatment was begun and the 
patient had received a total of 3,300,000 
units of penicillin in oil. In this group of 
patients, the total dose of penicillin ranged 
from 980,000 to 6,000,000 units, given in 
from two to seven days, respectively. 

In general, penicillin was found to be a 
very effective agent in the treatment 
anthrax. However, some patients object to 
multiple injections, sensitization reactions 
do occur, and hospitalization may be neces- 
sary, thus increasing the cost of medical care. 


of 


Six cases were treated with chlortetracy- 
cline given by mouth, After a somewhat 
larger initial dose, 500 to 750 mg. was ad- 
ministered every four to six hours for the 
first day or two, or until the spread of the 
edema was checked ; thereafter, the dose was 
reduced to 250 to 500 mg. and/or the interval 
between doses was prolonged. As was noted 
with penicillin, a temporary increase in the 
edema during the first 24 hours of treatment 
with chlortetracycline and the other broad- 
spectrum antibiotics was recorded in some 
patients. The total dose of chlortetracycline 
varied from 4.5 gm. in 24 hours to 20.5 gm. 
in 8 days. The large doses used resulted in 
troublesome nausea and vomiting in some 
patients. 

Seven cases were treated with chloram- 
phenicol. After an initial dose of 1 gm., 
0.75 gm. was given every 4 hours until the 
edema subsided, usually in 24 to 48 hours; 
thereafter the dose was gradually reduced. 
The total dose ranged from 2.5 gm. in two 
days to 24.75 gm. in seven days. Chloram- 
phenicol was found to be an excellent thera- 
peutic agent for anthrax, but its use was 
discontinued after the reports of its depres- 
sive effect on hemopoiesis. 


Fifteen patients were treated with oxy- 
tetracycline, with excellent results in four- 
teen. The failure (Case 92, anthrax of fore- 
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arm) did not respond after 36 hours of 
intensive therapy with this antibiotic and was 
then cured by chloramphenicol. The average 
initial dose of oxytetracycline was 1 gm., 
followed by 0.75 gm. every four hours until 
the local signs of spreading disease were 
under control. This usually took 24 to 48 
hours. The total dose given ranged from 
3.0 gm. in three days to 29.5 gm. in eight 
days. The drug was well tolerated by all 
patients. 

Six patients were treated with tetracycline, 
with excellent results. The average individual 
dose was 500 mg. every four to six hours; 
the total dose ranged from 10 gm. in five 
and one-half days to 14 gm. in eight days. 

Two patients were successfully treated 
with erythromycin: 200 mg. was given every 
four hours for two to three days; thereafter 
the dose was reduced to 100 mg. every four 
to six hours. The total dose ranged from 
3.2 gm. in 90 hours to 5.6 gm. in 7 days. 
The drug was well tolerated. 

Positive cultures the 
obtained in the patients treated with the 
broad-spectrum antibiotics for a period of 


from lesion were 


two to five days, a somewhat longer interval 
than in the penicillin-treated group. 

It is clear that anthrax must be treated 
systemically and that the modern antibiotics 
provide us with suitable therapeutic agents. 
The treatment given in this series was highly 
individualized, and the dose used was arbi- 
trary; perhaps a much smaller amount of 
antibiotic would have sufficed. However, | 
felt it advisable to err on the side of conser- 
vatism ; the aim was to secure a blood level 
of a given antibiotic several times its effec- 
tive in vitro concentration. Titrations were 
carried out in some patients, and the values 
obtained are shown in Table 6. The affected 
part should be placed at rest; the lesion 
should be suitably covered with a sterile 
dressing, which no one but the medical 
attendant must be allowed to remove and 
properly dispose of. Locally, I have used 
chlortetracycline and oxytetracycline oint- 
ment, and streptokinase to digest the eschar, 
without significant results. The local applica- 
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tion of tincture of iodine and/or phenol is 
contraindicated, since it does not prevent 
anthrax and may otherwise be harmful. 


PULMONARY ANTHRAX 


I have seen only one case of pulmonary 


anthrax; because of its rarity a summary 
of the clinical and autopsy findings is given. 


A white man, 42 years of age, had worked for 
several months in the local mill as a handyman in 
the carding room. One of his chief tasks was the 
cleaning of the cards and disposal of the dust. He 
had been in good health and working until May 30, 
1942, when he became nauseated and developed a 
severe chill and fever of 103 F and pains through- 
out the chest, back, and upper abdomen. He became 
very short of breath and vomited several times 
The patient was seen at home by his family physi- 
cian, who made a diagnosis of brochopneumonia and 
treated him with sulfathiazole, 1.0 gm. every four 
hours, without any improvement. When this man’s 
illness was reported to his employers, I was asked 
to see the patient, on June 2, 1942. At this time he 
appeared to be extremely apprehensive and coughed 
in paroxysms, without being able to bring up any 
sputum; there was marked cyanosis with grayish 
appearance of the skin, which was warm and wet; 
dehydration was marked; temperature was 101 F; 
pulse was regular and rapid; the signs in the chest 
revealed a left lower pneumonia. The patient was 
admitted to the Chester Hospital on the same day. 
The temperature was 100 F; the pulse rate 100; 
respirations, 32 per minute, and the blood pressure 
110/50. On June 3, urinalysis was within normal 
limits; hemoglobin was 17.0 gm.; RBC count was 
5,420,000; WBC, 19,000, with 89% polymorpho- 
nuclear cells and 11% lymphocytes. X-ray of the 
chest revealed the following: “consolidation in the 
left basal lobe; a small amount of effusion dis- 
placed the heart slightly to the right and flattened 
the right leaf of the diaphragm. Moderate hilar 
thick: ning and accentuation of linear striations were 
evident.” The patient was treated with fluids intra- 
venously to overcome the dehydration and sulfadia- 
zine, 1.0 gm. every three hours. No sputum could 
be obtained; however, on June 3, 1942, a naso- 
pharyngeal smear and culture were secured, but the 
bacteriological report of anthrax did not become 
available until just after the patient’s death. During 
patient 
became quite agitated and restless; dyspnea and 
cyanosis became very pronounced, and the lungs 
filled with coarse large and small rales. The tem- 
perature rose to 101 F, the pulse rate was 140, and 
the respirations were 40 per minute. Notwithstand- 
ing supportive measures, he died suddenly, on June 
4, 1942, at 1: 34 a. m. 


his short period of hospitalization, the 


An autopsy was performed on the same day, by 
Dr. G. B. Sickel; it showed the following pertinent 
data: Gross findings: Both pleural cavities con- 
tained a large amount of slightly cloudy, straw- 
colored fluid. The lungs weighed 1390 gm., and their 
external surface was purplish-red, very smooth and 
glistening. Both lower lobes were very edematous, 
more so on the left, and a cloudy fluid oozed from 
the cut surface. The upper lobes were little affected. 
The spleen was not enlarged but was much softer 
than normal. On section, it was dark red and the 
Malpighian bodies were prominent. A culture taken 
from the heart’s blood at necropsy showed anthrax 
bacilli. Microscopic examination revealed passive 
congestion of the liver and spleen; the kidneys 
displayed evidences of acute glomerulitis; sections 
of the lung showed numerous areas of hemorrhage 
within the alveolar spaces, some of which contained 
fibrinous material. There was a moderate lympho- 
cytic infiltration in the alveolar walls, with special 
prominence around some of the vessels and bronchi- 
oles. Within the alveolar spaces there were a large 
number of macrophages containing black pigment 
granules. Occasionally polymorphonuclear leuco- 
cytes were noted scattered about. The bronchioles 
contained mucoid material and a few red cells and 
lymphocytes. The picture seen was interpreted as 
due to an interstitial type of pneumonitis. 


It is unfortunate that the etiologic agent 
of this patient’s pneumonia was not deter- 
mined sooner and that more vigorous treat- 
ment was not instituted earlier. With the 
present availability of penicillin and the 
broad-spectrum antibiotics, one should ex- 
pect successful results in the treatment of 
anthrax pneumonia provided the correct diag- 
nosis is made early enough. 

I have not seen any cases of anthrax in- 
fection of the gastrointestinal tract or of the 
central nervous system, but successful results 
in the treatment of anthrax meningitis have 
been reported.?° 


COMMENT 


Although some patients recover from 
anthrax without any treatment, as exem- 
plified by one of our cases (Case 68, with a 
lesion on the arm), it is clear that the prompt 
recognition of anthrax is essential for its 
successful management. Penicillin and the 
broad-spectrum excellent 
therapeutic agents when employed in ade- 
quate doses. The latter have simplified the 
management of anthrax so that one can 
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antibiotics are 





Fig. 6 (Case 100).—Very extensive eschar cover- 
ing burnt extensor surface of forearm and hand. 


safely say that, in man, this disease has lost 
its past serious connotations. The death per- 
centage rate in the U. S. A. was 23+ from 
1919 to 1923; 20+ from 1924 to 1928 ; 22+ 
from 1929 to 1933, and 16+ from 1933 to 
1938.2 Since the advent of penicillin, large 
series of anthrax cases have been reported 
by various workers ¢ without a single death. 
It is not known whether antibiotics prevent 
the disease if given soon after injury, during 
the incubation period. I had a patient with 
a laceration of the thumb from which anthrax 
bacilli were recovered; yet upon treatment 
with oxytetracycline (0.5 gm. every four 
hours) he failed to develop any clinically 
recognizable anthrax lesion. On the other 
hand, another patient (Case 100), who was 
severely injured with multiple compound 
fractures and deep third degree burns of the 
right forearm, was given large doses of peni- 
cillin daily immediately following the injury ; 
yet on the fifth day he developed the most 
extensive anthrax lesion I have seen. The 
eschar covered the entire extensor surface 
of the forearm from the metacarpophalangeal 
joints to just below the elbow (Fig. 6). He 
recovered after further treatment with peni- 
cillin, oxytetracycline, and chloramphenicol. 


t References 5-9. 
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I cannot account for the scarcity of cases 
of pulmonary infection in the presence of 
virulent anthrax bacilli in the dust and air 
which is being inhaled by the workers of this 
particular plant. This is in marked contrast 
to the past experience in England, where 
woolsorter’s disease, or pulmonary anthrax, 
was a very common occurrence in the textile 
industry. The role played by particle size of 
the inhaled dust is now under study. I am also 
unable to explain the very small yearly 
number of cases of anthrax of the skin en- 
countered by us in the presence of such wide- 
spread dissemination of anthrax bacilli in 
the plant. I do not believe that this is related 
to the incidence of injury to the skin, be- 
cause the latter is very prevalent in this 
industry, and in some cases trauma either 
was completely absent or was so trivial as 
to escape the attention of the person who 
contracted anthrax. Moreover, in a patient 
with a laceration of the hand anthrax bacilli 
were recovered on smear and culture of the 
wound yet no clinical infection with the pro- 
duction of an anthrax papule ever developed. 
It is probable that individual immunity may 
account for the variation in the incidence of 
clinical anthrax in these employees. If it 
exists, this immunity is apparently not re- 
lated to the length of employment or expo- 
sure, because I have seen anthrax develop 
in workers after many years of unchanged 
occupation as well as in newly engaged 
laborers after only a few weeks of employ- 
ment. As yet, I have not seen a repeat or 
second infection upon return to work in pa- 
tients who had recovered from anthrax. How- 
ever, Hodgson has reported such cases."? 


Experimentally, only protection tests can 


be used to measure immunity, and this 
method has been employed by Wright and 
his associates '* to determine in animals the 
value of an alum-precipitated protective anti- 
gen which they have prepared by growing a 
nonproteolytic mutant strain of anthrax ba- 
cillus in a chemically-defined nonprotein 
medium. At present, we are engaged in a field 
study to determine the value of this anti- 
gen in the prevention of anthrax among 





ANTHRAX 
workers exposed to this disease. Our find- 
ings will be the subject of a separate report. 


SUMMARY AND CONCLUSIONS 

The experience with 117 cases of anthrax 
is reviewed. One hundred sixteen had cutane- 
ous anthrax; one patient had pulmonary 
anthrax. 

The source of infection was contaminated 
imported goat hair used in the manufacture 
of interlining of suits. 

In the series of cutaneous anthrax, the 
first patient died, giving a mortality rate of 
0.8%. The patient with pulmonary infection 
died. Autopsy findings are given. 

Early, prompt recognition of anthrax is 
essential. Treatment with penicillin or broad- 
spectrum antibiotics offers the best chance 
of cure, provided adequate dosage is used. 
Control of the spreading edema, with sub- 
sidence of systemic toxicity, is the only 
reliable yardstick with which to measure ade- 
quate dosage. 

The broad-spectrum antibiotics are easy 
to administer, cause few or no reactions, and 
make ambulatory treatment of these patients 
possible. 

Chlortetracycline (Aureomycin), oxytet- 


racycline (Terramycin), tetracycline (Ach- 
romycin), and erythromycin work equally 


well and are the drugs of choice in the treat- 
ment of anthrax. 


314 E. 9th St. 


ABSTRACT OF DISCUSSION 


E. L. Fortz, M.D., Philadelphia: There can be 
little room for doubt that antibiotics and chemo- 
therapy have provided the physician with effective 
weapons in the battle against clinical anthrax. 
Dr. Gold’s report certainly summarizes a wide 
experience with a variety of curative agents, and 
it appears that practically all commonly used anti- 
biotics are effective in the control of cutaneous 
anthrax; this adds clinical confirmation to the 
laboratory studies which have shown susceptibility 
to a wide variety of antimicrobial substances. Rela- 
tively few cases of pulmonary anthrax treated with 
antibiotics are available to compare the efficacy of 
treatment with different agents. There are also 
cases of anthrax meningitis which have failed to 
respond to antibiotics either because they have 
received treatment too late or have been inade- 
quately treated. 


It is obvious, then, that the first requisite for 
successful treatment of anthrax is prompt recogni- 
tion of the disease; in the absence of the cutaneous 
lesion, the diagnosis rests primarily with the labo- 
mean that the 
therapeutic program should be delayed in a sus- 
pected case. The drug of choice still appears to be 
penicillin. Although Dr. Gold’s results with the 
broad-spectrum antibiotics have been excellent, the 
fact that clinical responses in general are slower to 
these agents, and also that Dr. Gold isolated positive 
cultures of anthrax for longer periods of time from 
treated cutaneous after 
drugs, diminishes personal enthusiasm for these 
agents in this disease. The dosage will vary with 
the type of infection, and I would certainly recom- 


ratory. However, this does not 


lesions broad-spectrum 


mend use of heavier doses than those preferred by 
Dr. Gold when dealing with the pulmonary or 
meningitic form of the disease. 

The prevention of the disease seems of equal 
importance. Approximately 75% of all cases in the 
United States occur in the northeastern states, 
chiefly as the result of industrial exposure. Tan- 
neries and processing plants for animal hairs and 
wool are the chiet industrial sources of infection. 
Methods of sterilization which would be effective 
in eradicating the anthrax spores from contaminated 
hides and animal hairs are unacceptable to the 
industries; heating or chemical sterilization pro- 
cedures so alter the physical properties of hides and 
animal hair as to render them valueless for com- 
mercial use. Sterilization of other contaminated 
animal products, such as bonemeal, is readily accom- 
plished and is a part of federal as well as some 
state public-health control programs. The problem 
in agricultural areas is even greater but fortunately 
results in fewer clinical cases. 

Prevention therefore becomes a problem of im- 
munity. Apparently subsequent infections after 
initially proved anthrax are rare; this suggests 
some immune mechanism. Vaccination trials in the 
past met with no great success because of lack of an 
adequate vaccine. Recent work by Wright and 
others at Camp Detrick, Md., with an alum-precipi- 
tated protective antigen has demonstrated animal 
immunity for short periods against sizeable chal- 
lenge doses in experimental infections. The antigen 
has been used in volunteers with no systemic reac- 
tions and only an occasional local reaction; no 
report on the effectiveness in man is available, since 
no serological test has been developed to measure 
the immune response. On the other hand, the demon- 
stration of antibodies is no guarantee of immunity, 
and perhaps the best demonstration of effectiveness 
is in a controlled study of those exposed to the dis- 
ease. Perhaps Dr. Gold would care to comment on 
these studies and tell us of any personal experience 
with immunization. 
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The predominant adrenal steroids of all 
animal species that have been studied are 
hydrocortisone (17-hydroxycorticosterone, 
Cortisol, Kendall’s Compound F) and corti- 
costerone (Kendall's Compound B). The 
close association of these two steroids in 
different animal species has been studied 
extensively by Bush,’ who found that the 
ratios of hydrocortisone to corticosterone in 
the adrenal vein blood were different for 
different (Table 1). The 
data with respect to man are as yet incom- 
plete, but the evidence suggests that the 


human adrenal cortex secretes hydrocorti- 


animal species 


sone predominantly. 
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Despite many similar metabolic effects of 
hydrocortisone and corticosterone, and the 
efficacy of either drug in the treatment of 
adrenocortical insufficiency,” hydrocortisone 
is active in the treatment of clinical inflam- 
matory disorders but corticosterone is inac- 
tive at the same dosage levels in the treat- 
ment of rheumatoid arthritis.® 

The comparative effects of corticosterone 
and some 


hydrocortisone on aspects of 


resistance to infection were studied in the 


TABLE 1.—Hydrocortisone to Corticosterone (F/B) 
Ratios in Adrenal Vein Blood of Various 


Animal Species * 


"/B Ratio 

>20 

6 

4-6 
15-20 

1 

1-5 
0.05 


0.05 


* Adapted from Bush, The Journal of Endocrinology, 
London and New York, Cambridge University Press. 
hope that the differences in the mode of 
action of these two substances would permit 
a separation of the anti-inflammatory effects 
of hydrocortisone from those general meta- 
bolic effects that are shared by corticosterone. 

It was previously shown that hydrocorti- 
sone, like cortisone, increased the suscepti- 
bility of experimental animals to induced 
viral and bacterial infections whereas corti- 
variable in its action and 
alter susceptibility to 


costerone was 
did 
infection in the same dosage.* 

These differences in the action of corti- 
costerone and hydrocortisone on resistance 


NN 


generally not 


* References 4 and 5. 





My: a. 


ARCHIVES OF INTERNAL MEDICINE 


EFFECT OF CERTAIN STEROIDS AND ACTH 





ON WEIGHTS OF POPLITEAL LYMPH NODES IN RABBITS 





+ MEAN * 2 SD> 


CONTROL 








E Ac 10 MG/DAY XxX 5 





ACTH (Hien Potency) 0.5 MG/DAY x 5 


| 
| 
ACTH (Low Potency) !0 MG/DAY X 5 





om 





F 10 MG/DAY xX 5 | 
t Jj | 
B IO MG/DAY x 5 | 














' 
ua 





io T ’ 
ie) 100 200 


300 


WEIGHTS OF LYMPH NODES —MG. 


Figure 1. 


to infection are probably quantitative rather 
than qualitative +} and have not been studied 
in many animal species. Additional indica- 
tions that corticosterone and hydrocortisone 
in the same dosages act differently in experi- 
mental infections in hamsters have appeared 
recently.® 

In other experiments, hydrocortisone, 
given daily for five days to rabbits, produced 
atrophy of lymph nodes. The same amount 


Personal communication to 


+ Frenkel, J. K.: 
the authors. 


induced mild transient 
Surprisingly, a low- 


of corticosterone 
hyperplasia (Fig. 1). 


potency preparation of corticotropin acted 
more like corticosterone, whereas a high- 
potency preparation acted more like hydro- 


cortisone. 

The atrophy that occurs in the lymph 
nodes is accompanied by extensive lysis of 
lymphocytes and disintegration of nuclei. 
When the nucleic acid changes within the 
lymph nodes of animals that had received 
hydrocortisone or cortisone were measured, 
it was found that the concentrations of deox- 
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CORTICOSTERONE 


yribonucleic acid changed very little, but 
those of ribonucleic acid decreased signifi- 
cantly (Fig. 2). Corticosterone had no 
significant effect, and corticotropin, once 
again, acted differently, depending upon the 
potency of the preparation, the impure, low- 
potency preparation acting more like corti- 
costerone and the highly purified, high- 
potency preparation acting more like 
hydrocortisone.’ 

A troublesome contradiction in the data 
became increasingly apparent. Rabbits had 
been reported to produce corticosterone as 
the predominant adrenal steroid, yet the 
administration of corticotropin at times led 
to effects that were more like those of hydro- 
cortisone. 

Further study of the different effects of 
corticosterone and hydrocortisone on mech- 
anisms of resistance to infection was 
indicated. 

The effects of these adrenal steroids and 
of corticotropin on antibody production in 
rabbits were studied. Human serum gamma- 
globulin was given intramusclarly in 50 mg. 
doses suspended with aluminum hydroxide 
to groups of 3 to 10 animals. The animals 
were given the antigen three times weekly 
for two weeks; this dosage was followed by 
a rest period of 10 days and the first bleeding. 
A second course of three injections in one 
week was followed by a five-day rest period 
and the second bleeding. Hormone was 
administered during the entire 36-day period 
of immunization. Only the results of the 
second bleedings are given in Table 2, since 
they were obtained at the time of maximal 
antibody response. In addition, Table 2 
indicates the maximal change in weight that 
occurred for the animals during the 36-day 
period of hormone administration. It is 
apparent that the same doses of corticosterone 
and hydrocortisone exerted strikingly dif- 
ferent effects on the weights of the animals, 
and that even 2.5 mg. of hydrocortisone 
caused more weight loss than did 10 mg. 
of corticosterone. The corticotropin was a 
crude preparation and was suspended in 
peanut oil containing 5% beeswax. 


AND HYDROCORTISONE 


Corticosterone in rather large doses ex- 
erted no significant effect on antibody 
production, as measured immunochemically. 
Hydrocortisone, in the same dosages, sup- 
pressed antibody production aimost complete- 
ly. One-fourth as much hydrocortisone 
permitted less than one-fifth of the control 
antibody titer. 

A distant relationship between dosage of 
corticotropin and antibody titer was demon- 
strable; the larger amounts of corticotropin 
suppressed antibody production almost as 
much as did 2.5 mg. of hydrocortisone. Cor- 
ticosterone did not antagonize the effects 


TABLE 2.—Effects of Hydrocortisone, Cortico- 
sterone, and Corticotropin on Anttbody 
Production in Rabbits 








Mean 
Maximal 
Concentra- 
Changein_ tionof 
Weight, Antibody, 
Hormonal Treatment % Meg./ MI. 
None +14 0.867 
Corticosterone (10 mg./day) + 8 0.928 
Hydrocortisone (10 mg./day) —18 0.066 
Hydrocortisone (2.5 mg./day) —1 0.14 
Corticosterone (10 mg./day) + 
hydrocortisone (10 mg./day) —20 
Corticosterone (10 mg./day) + 
hydrocortisone (2.5 mg./day) 
Corticotropin (15 u./day) 
Corticotropin (20 u./day) 
Corticotropin (30 u./day) 


0.029 


0.015 
0.734 
0.551 
0.348 


of hydrocortisone when both were given 
together but, instead, was mildly additive, 
with respect to effect both on weight and 
on antibody production. Corticosterone also 


did not overcome the adverse effects of 
hydrocortisone on experimental infections in 
mice. 

The differences in the effects of different 
doses of corticotropin could not be explained 
readily on the basis that corticosterone was 
the predominant adrenal secretory product 
even after prolonged stimulation with corti- 
cotropin. Investigation of the adrenal secre- 
tion of rabbits was therefore undertaken. 

A procedure for collecting adrenal vein 
blood was devised and, in confirmation of 
Bush’s findings, corticosterone was the pre- 
dominant steroid produced in the genetically 
heterogeneous laboratory strain of rabbits 
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Taste 3.—Effect of Administration of Cortico- 
tropin on Concentrations of Corticosterone and 
Hydrocortisone in Adrenal Vein Blood 

of 4 Groups of Rabbits 





Vol. 

Rab- of 
bits, Corticotropin Sample F,* y/ 
No. Treatment (Ml1.) 100 Ml. 
6 0 (control) 69 <6-8 
Single dose 65 <6-8 140 
7 days 50 62 126 
5 21-28 days 60 307 75 


B,* y/ 
100 MI. 


155 


* F, hydrocortisone; B, corticosterone. 


(Table 3). Hydrocortisone was undetectable 
or present in trace amounts. A single intra- 
venous injection of corticotropin, begun two 
hours before the operation and continued 
throughout the procedure, failed to alter 
the nature or amount of adrenal secretion, 
the alone 
stimulated adrenal release of steroid to its 
maximum. 


presumably because operation 


When corticotropin was given daily for 
one week, however, substantial amounts of 
hydrocortisone appeared, and the ratio of 
hydrocortisone to corticosterone rose to 0.5. 
After three to four weeks of administration of 
corticosterone, four 
much hydrocortisone as corticosterone being 
produced.$® 


there was times as 


Endogenous stimuli of sufficient magni- 
tude also induced alterations in the nature 
of the secretory product of the adrenal 
cortex. A few illustrative experiments are 
presented in Figure 3. In one study, the 
right ureter of each of five rabbits was 
ligated and the animals were injected intra- 
venously with 1 ml. of an overnight culture 
of Escherichia coli. One week later blood 
was collected from the adrenal veins of these 
animals. Three of the rabbits were found 
to have developed an infected hydronephro- 
sis, and two showed no bacteriologic evidence 
of infection. Four of the five rabbits in- 
creased their secretion of hydrocortisone 
substantially, but the total amount of secre- 
tion was variable and unpredictable. There 
was no correlation between the amount of 
steroid found in the adrenal effluent and 
either degree of spread of infection or changes 
in weight of the animals. In another experi- 


400 


ARCHIVES OF INTERNAL MEDICINE 


ment, four rabbits were given sterile absces- 
ses by the intramuscular injection of 2 ml. 
of turpentine every two days. One week 
after the first injection, adrenal vein blood 
was collected and pooled for a single analysis. 
There was a substantial increase in hydro- 
cortisone and a very large total steroid 
output. 

These observations may explain why cor- 
ticotropin acts differently under different 
circumstances. They also show that the na- 
ture of the adrenal secretory product in rab- 
bits may vary, depending upon the circum- 
stances. Certain stimuli may lead to altera- 
tions in the type as well as in the amount of 
adrenal steroid secreted. 

The mechanism by which adrenal secre- 
tions may vary is not clear. Present evidence 
suggests that steroidogenesis follows the path 
shown in Figure 4 and that corticotropin acts 
only on the conversion of cholesterol to 
pregnenolone.® Manifestly such a scheme 
must be modified to account for the effects 
of corticotropin in increasing the activity of 
the the 
adrenal cortex. The possibility also remains 


17-hydroxylating system within 


that different preparations of corticotropin 
may have different effects on steroidogenesis 

-the corticotropin used in these experiments 
was all of porcine origin—although the find- 
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Fig. 3.—Concentration of steroid in adrenal vein 
blood following certain stimuli. 





CORTICOSTERONE AND 
ing that endogenous stimuli such as sterile 
abscesses or infections may increase adrenal 
secretion of hydrocortisone makes the latter 
possibility unlikely. 

Since there are such important differences 
between hydrocortisone and corticosterone 
with respect to their effect on mechanisms 
of resistance to infection, alterations in the 
nature of the adrenal secretion may be ex- 
pected to alter host resistance in response 
to external stimuli, corticotropin, ete. 

Indications of a relationship between al- 
terations in adrenal secretion and resistance 
to tuberculosis have been obtained from the 
study of inbred strains of rabbits with geneti- 
cally defined resistance to tuberculosis. When 
such animals are exposed to aerosols con- 
taining known numbers of human tubercle 
bacilli, the susceptible animals form one 
for each 20 to 80 inhaled bacilli, 


holesterol—>pregnenolene 


tubercle 


17 OH progesterone —>17 OH DOC —>17 OH 


HYDROCORTISONE 


The data suggest the following conclusions. 
First, both the susceptible and resistant 
strains of rabbit produce detectable amounts 
of hydrocortisone, in the controls, in contrast 
to our genetically undefined laboratory strain. 
Second, there is suggestive evidence that 
susceptible rabbits produce about twice as 
much hydrocortisone as do the resistant ones. 
This is especially interesting because the re- 
sistant strains become much more suscepti- 
ble to tuberculosis if they are treated with 

Third, the in- 
do 


significantly over 


cortisone or corticotropin. 


fected susceptible animals not increase 
their adrenal steroid output 
control levels, although the tuberculous resis- 
tant animals increase their secretion of both 
hydrocortisone and corticosterone. Fourth, 
corticotropin acts quite differently from tu- 
berculosis in terms of the adrenal secretory 
product. Although the infection may lead to 
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Figure 4. 


whereas the resistant strains require about 10 
times as many bacilli for the formation of 
“ach tubercle.’° If the animals are killed at 
the end of five weeks after inhalation of the 
same number of organisms, the ratio of bac- 
inhaled to the 
formed provides a roughly quantitative esti- 
Resistant 


teria number of tubercles 
mate of the degree of resistance. 
rabbits may be made susceptible by the pro- 
longed administration of corticotropin or cor- 
tisone. 

The adrenal secretions of the suceptible 
(FC) (Race IIT) 
rabbit were examined. In some instances the 
yields of blood were small enough to require 
the pooling of samples to provide sufficient 
material for analysis. As a result, all of the 
blood obtained from a given group of animals 
was treated as a single pool, and the data for 
There is 


and resistant strains of 


such pools are shown in Figure 5. 
insufficient material for statistical treatment ; 
hence the results must be regarded as sug- 
gestive rather than definitive. 


greater total steroid output than follows one 
week of treatment with corticotropin, the 
relative and absolute amounts of hydrocor- 
tisone that are secreted after the use of corti- 


STEROID PRODUCTION IN POOLED ADRENAL VEIN BLOOD 
FROM RABBITS THAT ARE GENETICALLY 
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cotropin are greater than the amounts that 
follow the stimulation of infection. Whether 
this indicates that tuberculosis in some way 
alters the capacity of the adrenal cortex to 
respond remains to be seen. These animals 
are bred with difficulty ; hence the data must 
accumulate slowly. 


SUMMARY 


The biologic problem that is presented is 
that hydrocortisone and corticosterone, which 
differ by one hydroxyl grouping, have qual- 
itatively similar metabolic effects and similar 
efficacy in the treatment of adrenal insuffi- 
ciency but exert different effects on mechan- 
isms of resistance to infection. These may 
be only quantitative ; the difference is never- 
theless striking. Hydrocortisone decreases 
resistance to infection and depresses im- 
mune responses ; corticosterone in the same 
dosages does not have these effects. Cortico- 
tropin may cause the adrenal secretion of rab- 
bits to alter markedly so that animals which 
usually secrete corticosterone as the predom- 
inant adrenal steroid may become predom- 
Changes 
animals 


inantly hydrocortisone secretors. 


in the immune status of the 
may be demonstrated after treatment with 
different amounts of corticotropin, and these 
changes agree with those that would be pre- 
dicted on the basis of the alteration in the 
nature of the adrenal secretory product. 
Differences in the ratio of secretion of corti- 
costerone and hydrocortisone may be induced 
by a variety of stimuli, but the response in 
terms of total quantity as well as type of 
steroid is highly variable and is as yet not 
predictable. There is suggestive evidence 
that genetic influences on steroidogenesis 
may correlate to some degree with genetic 
differences in resistance to tuberculosis; 
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genetically susceptible animals secrete about 
twice as much hydrocortisone as do geneti- 
cally resistant rabbits. Corticotropin-treated 
rabbits may, despite smaller total steroidal 
secretion, secrete larger amounts of hydro- 
cortisone than are secreted by genetically 


resistant rabbits infected with tubercle bacilli. 
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IMQUAMAMDTRGELUOLEU TREAT 


The complications of hypotension and shock 
have been reported several times in a few pa- 
tients with bacteremia.* However, most re- 
ports on shock and bacteremia have given 
little emphasis to their association. Hypo- 
tension is frequent in typhoid fever, peri- 
tonitis, cholera, bacillary dysentery, gas gan- 
grene, diphtheria, meningococcemia, and sev- 
eral rickettsial diseases. Various factors such 
as prostration, dehydration, fever, cardiac 
failure, and adrenal insufficiency have been 
assumed to be responsible for the hypoten- 
sion, but the precise mechanism of shock in 
infections is far from clear.* 

The hypotension that accompanies bacter- 
emia often goes unrecognized because the 
signs and symptoms of bacteremia do not 
suggest its presence. The patient often is 
alert and at first may have suffused, warm, 
dry skin. Moreover, signs of shock such as 
weakness, thirst, sweating, tachycardia, and 
lethargy may be attributed to the infection 
per se. One must be alert to detect hypoten- 
sion during infection, and infection may be 
overlooked in a patient with shock; yet bac- 
teremia has been one of the most frequent 
causes of shock in this hospital. 

This is a report of 35 patients observed 
at the Minneapolis Veterans Administration 
Hospital during the past seven years and 
found to have shock associated with bacte- 
remia. The purpose of this paper is to empha- 
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* References 1-8. 


size the clinical features, serious implications, 


and some therapeutic considerations of shock 


accompanying bacteremia. 


METHODS AND MATERIALS 


The records of 100 patients with bacteremia were 
analyzed. Thirty-five patients had hypotension, with 
several systolic blood pressure readings under 95 
mm. Hg. These 35 cases had bacterial growth in 
both broth and nutrient agar cultures of the blood 
(20 cases) or only in the broth cultures (15 cases). 
Sixty-five of the one hundred patients had no 
recorded hypotension during the period of bac- 
teremia. Several typical instances of shock and 
infection but negative blood cultures were omitted. 
One case with bacteremia and shock but normal 
omitted. Patients with 
hemorrhage, and 


blood pressure also was 


subacute bacterial endocarditis, 
agonal bacteremia were arbitrarily excluded from 
the study because decreased blood volume, cardiac 
valvular defects, and preterminal disease states may 
produce marked hemodynamic alterations. 


RESULTS 
The data recorded in the Table reveal that 
shock with bacteremia occurred oftenest in 
persons over 45 years of age. The average 
age of the patients was 61 years, presumably 
because older men more often have foci of 
infection leading to bacteremia. There were 
18 deaths among the 35 patients with shock, 
the mortality rate being 51%. The most fre- 
quent underlying disease was a malignant neo- 
plasm, and 7 out of 11 patients with malignant 
disease died shortly after their episode of 
bacteremia and shock. There were two patients 
with multiple myeloma and bacteremia re- 
sulting in shock. Abnormal gamma globulins 
and deficient antibody production probably 
were responsible for the bacteremia.® There 
were 10 patients with definite coronary ar- 
teriosclerosis, and only 4 died as a result of 
shock with their bacteremia. 
The genitourinary tract was the most fre- 
quent soutce of bacteremia leading to shock. 
Of the 15 patients, 13 had had recent urethral 
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M. 


instrumentation or surgery and 2 had ab- 
scesses. Cutaneous abscesses or pyoderma 
accounted for five cases. Four patients had an 
acute biliary tract infection. The bacteremia 
in the remaining patients was the result of 
pneumonia (three), peritonitis (three), con- 
taminated dextrose solution and polyethylene 
tubing used for intravenous administration 
(two), multiple myeloma (two), and acute 
gastroenteritis (one). 

The bacteria isolated from the blood in the 
35 cases with shock (Table) were Paracolo- 
bactrum sp. (nine), Proteus sp. (eight), 
Micrococcus pyogenes var. aureus (eight), 
Escherichia coli (five), Aerobacter aerogenes 
(three), Diplococcus pneumoniae (three), 
Streptococcus pyogenes (two), Klebsiella 
pneumoniae (one), and Neisseria catarrhalis 
(one). Thus Gram-positive cocci were the 
responsible agent in 34% and Gram-negative 
bacilli, in 66% of the episodes of shock. The 
Gram-negative bacilli were mostly enteric 
organisms. Five patients had more than one 
type of bacteria in their blood cultures. Two 
patients had more than one episode of bacte- 
remia with shock. The number of organisms 
in the blood showed a moderate correlation 
with the occurrence and severity of shock. 
In 20 patients, quantitative cultures indicated 
that the number of bacteria ranged from 0.5 
to 800 per milliliter of blood (mean, 158). 
All of the six patients with more than 100 
bacteria per milliliter of blood died after the 
onset of hypotension, while only 41% died 
following lesser bacteremia. Strangely enough, 
several other patients with up to 300 similar 
bacteria per milliliter of blood suffered no 
shock. 

The average blood leucocyte count was 
17,000 per cubic millimeter. Neutrophiles 
constituted from 4% to 97% of the total leuco- 
cytes (mean, 83%). A neutrophilic leucocy- 
tosis occurred in all but 10 patients. Eight of 
these ten patients died. 

The onset of bacteremia in nearly all the 
hypotensive patients was abrupt and was 
marked by a shaking chill. A fall in blood pres- 
sure was noted within several minutes to a 
few hours, the systolic blood pressure declin- 
ing to less than 95 mm. Hg in all instances 
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and to 80 mm. Hg or below in 27 patients 
(Table). The duration of the hypotension 
varied from 2 hours to 25 days (mean, 3.2 
days). Following the chill and preceding the 
fall in blood pressure there was an abrupt 
rise in body temperature in all but three pa- 
tients (Table). In one other patient the tem- 
perature was not recorded. The average dura- 
tion of fever was six days. 

The condition of the skin was recorded 
at the onset of hypotension in 26 patients 
(Table). In only 58% was the skin of the 
extremities pale, cold, and moist. These pa- 
tients tended to have clouded sensorium with 
apathy and listlessness. Their pulse was weak 
and thready, with the rate ranging from 60 
to 140 per minute (mean, 113). In 42% of 
the patients the skin was warm and dry or 
flushed. These patients were bright, alert, and 
active. Their pulse was full and bounding, 
with a rate of 75 to 110 per minute (mean, 
96). It should be noted that several of the 
latter cases soon developed a more typical 
picture of shock with peripheral vasoconstric- 
tion. 

Nausea, vomiting, and diarrhea were un- 
common. None of the patients had melena, 
hematemesis, or hematuria. Terminal oliguria 
and uremia were noted in six hypotensive 
patients, and two patients became jaundiced 
shortly before their death. Two patients had 
numerous petechiae and ecchymoses. In one 
case of staphylococcic bacteremia ( Patient 
17, Table) each of the numerous petechiae 
had a minute abscess at its center. 

The treatment given for the bacteremia and 
hypotension has been listed in the Table 
and included chemotherapy, plasma volume 
expanders, vasconstrictor drugs, steroid hor- 
mones, and digitalis. In most instances several 
antibiotics were employed, although the selec- 
tion was not always appropriate. Until recent 
years the therapy was not uniformly based 
on in vitro antibiotic-susceptibility tests, in 
part because of the rapid progress of the shock 
to death and mistaken clinical evaluation 
(Patients 24 and 27, Table). Susceptibility 
tests were done by a broth-dilution method in 
24 of the 35 cases. In 16 cases the antibiotics 
used seemed effective in vitro, but in 8 cases. 





BACTEREMIA AND SHOCK 

the bacteria were resistant to the drugs given. 
The organisms isolated from 11 patients were 
not tested, but the choice of antibiotics seemed 
correct in 7. The mortality rate was only 
30% in 23 patients given appropriate chemo- 
therapy, and it was 91% in 12 receiving in- 
appropriate antibiotics. 

Whole blood, plasma, or dextran was 
given to 19 patients and did not seem to 
improve the outcome (11 deaths). Parenteral 
vasoconstrictor drugs such as ephedrine, 
phenylephrine (Neo-Synephrine), epineph- 
rine, methoxamine (Vasoxyl), metaraminol 
(Aramine), and levarterenol (Levophed) 
produced a definite but often unsustained 
rise in the blood pressure of 14 patients. 
Continuous intravenous levarterenol was the 
most effective drug, but the increase in blood 
pressure was only transient. Intramuscular 
metaraminol had more prolonged but lesser 
activity. The mortality rate was 57% in the 
21 patients receiving no vasoconstrictor drugs 
and only 36% in the 14 patients given these 
medications. There were no deaths among six 
patients on metaraminol and only three deaths 
among seven patients given levarterenol, al- 
though these drugs at first were reserved for 
very sick patients. 

Corticotropin (ACTH), cortisone, or ad- 
renal cortex extract was given to four patients 
(Patients 17, 29, 32, and 34; Table). Im- 
provement occurred in two but could not be 
attributed solely to this therapy. Digitalis was 
given to four patients and was helpful in three 
with rapid auricular fibrillation developing 
after the onset of hypotension. Delayed chole- 
cystectomy and removal of a common bile 
duct stone contributed much to the final good 
result in one case (Patient 21, Table). 

Sixteen of the hypotensive patients died 
soon after the development of shock. Two ad- 
ditional patients (Patients 2 and 20, Table) 
improved temporarily but relapsed and died 
several days later. This high mortality rate 
(51%) contrasted with a death rate of only 
23% in 65 patients treated for similar bac- 
teremia without hypotension. 

Necropsy was performed in 14 cases and re- 
vealed evidence of heart disease in 7. The 
pathological findings included focal myocardi- 


tis (one), primary “amyloidosis” of the cor- 
onary arteries (one), petechial myocardial 
hemorrhages (one), and coronary arterioscle- 
rosis with myocardial fibrosis (four). Thir- 
teen of fifteen patients who survived the bac- 
teremia and shock showed electrocardio- 
graphic abnormalities during their illnesses. 
These consisted of nonspecific T-wave 
changes in nine and auricular arrhythmias in 
four patients. One patient had a transient 
right ventricular strain pattern and ventricu- 
lar tachycardia. Autopsy also revealed num- 
subcutaneous, serosal, and mucosal 
hemorrhages and petechiae in three patients. 
Of five paients with terminal oliguria and 
uremia, examination of the kidneys showed 


erous 


hydronephrosis in two, microscopic cortical 
abscesses in two, and hydropic degeneration 
of the proximal convoluted tubules with pro- 
tein and hemoglobin casts in their lumina in 
three. Two cases with late jaundice showed 
necrosis of hepatic cells in the center of the 
lobules. The adrenal glands were abnormal in 
only one patient (Patient 29, Table). The 
later had hemorrhages and necrosis in the cor- 
tex of both adrenal glands, as well as wide- 
spread petechiae, peritonitis, and pancreatitis 
following pancreatic resection for carcinoma. 


COMMENT 

It is likely that shock in most infections is 
caused by the bacterial endotoxins (polysac- 
charides and phospholipid-polysaccharide- 
protein complexes) which are pyrogenic. 
Yet in patients with bacteremia the fever and 
blood pressure often show little correlation. 
The factors which increase susceptibility to 
shock during bacteremia are largely unknown. 
It is accepted that adrenal insufficiency, liver 
disease, anemia, malnutrition, and hypo- 
volemia predispose patients to hypotension 
during infection. 

Carcinoma and coronary arteriosclerosis 
were frequent among the patients in the pres- 
ent study. The genitourinary tract was the 
source of the bacteremia in about 40% of the 
patients. Gram-negative enteric bacilli were 
the cause of the hypotension in two-thirds of 


+ References 4, 29, and 30. 
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the cases. Although there was a considerable 
variation, the mean pour-plate count of bac- 
teria in the blood of the hypotensive patients 
was high (158 per milliliter). Neutrophilic 
leucocytosis was frequent. Death occurred 
in 8 of 10 hypotensive patients who had leuco- 
penia. 

Although hypotension may be brief and 
benign, sustained low blood pressure and 
shock often are fatal complications of bac- 
teremia. Every patient in the present series 
was seriously ill, and 18 of the 35 patients 


ARCHIVES OF INTERNAL MEDICINE 
onary arteries in one patient (Patient 22, 
Table). Identical hyaline material was found 
throughout the walls of arterioles and small 
arteries in all the organs (Fig., 4 and P). 
The substance stained rather poorly with 
methyl violet. The lesions were very similar 
to those seen in the coronary arteries of rab- 
bits challenged with streptococci and an en 
dotoxin from Gram-negative bacteria.’! Two 
other patients had numerous petechiae in the 
myocardium; emboli or thrombi were not 


found in the coronary blood vessels. 


A, coronary artery showing hyaline “amyloid” deposits in its wall. B, portal area in the 
liver containing blood vessels with a large amount of fibrinoid material throughout their walls. 
Hematoxylin and eosin; reduced about 4% from mag. x 90. This patient died after two episodes 


of shock caused by a paracolon bacteremia arising from an empyema of the gall bladder. 


The 


hyaline material stained strongly with the periodic acid-Schiff stain. 


died. Half of the 14 patients studied at nec- 
ropsy had evidence of cardiac disease, and 
electrocardiographic abnormalities were pres- 
ent in most of those who survived. The EKG 
changes often were transient. Hypotension 
with bacteremia may be a grave complication 
for people with coronary arteriosclerosis. In 
only three of the fourteen necropsies were 
cardiac lesions found which might be ascribed 
to the bacteremia. The most unusual finding 
was atypical “amyloid” deposits in the cor- 
408 


The level of the arterial blood pressure is 


determined by the cardiac output and total 


peripheral vascular resistance. The dynamics 


of the hypotension and shock associated with 
bacteremia have been studied extensively.t 
Perhaps the first study was that of Romberg 
and in 1899.4 The blood 
pressure usually rises with a chill and quickly 


his associates, 


falls to normal or below as the temperature 
—EE————— 


t References 3, 4, 10, 12-20, and 38. 
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rises. Early in the fever of infection there is 
dilatation of the peripheral vascular bed, in- 
creased peripheral circulation, and increased 
cardiac output.§ Eleven of twenty-six pa- 
tients in the present series showed evidence 
of this situation when hypotension was first 
noted ; their skin was warm, dry, and flushed ; 
their pulse was full and sensorium, alert. 

Shortly after the onset of hypotension, there 
is peripheral vasodilatation, with pooling of 
blood in the periphery,'*® increased arteriove- 
nous oxygen difference,|| diminished venous 
return, decreased right and left auricular 
pressure,# and falling cardiac output.* Pe- 
ripheral vasoconstriction sets in but is often 
insufficient to maintain the blood pressure, 
in spite of rising peripheral resistance, be- 
cause of persistently low cardiac output. 

There are few objective data to show that 
the myocardium is injured.t In the absence of 
auricular fibrillation, digitalis is of no benefit. 
There is little early hemoconcentration, and 
the circulating blood volume falls very little 
if at all.§ However, recent experimental data 
indicate that a small decrease in circulating 
blood volume after injection of a bacterial 
toxin may lead to a marked decline in cardiac 
output and blood pressure.*® 

Bacterial infection and hypotension may 
have a synergistic effect. Experimental ani- 
mals with shock induced by bacterial toxins 
or other agents are more susceptible to bac- 
terial infections.|| Dogs bled to shock level 
recover oftener if pretreated with chlortetra- 
cycline or neomycin.{[ Peritonitis has been 
found to be an important factor leading to 
intractable hypotension among human battle 
casualties.*° Experimental work has sug- 
gested that bacterial infections play an im- 

§ References 1, 13, and 19. 

|| References 3, 4, 16, and 18. 

{ References 3 and 16. 

# References 3, 10, and 16. 

* References 3, 4, 10, 13, 15, 16, 18, and 3 

+ References 12 and 18. 
References 3, 12, and 18. 
References 3, 4, 10, 12, 16, 18, 21, and 


|| References 23 and 24. 
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portant role in the shock following crush in- 

juries.# 
Shock 

infections 


associated with meningococcal 


(Waterhouse-Friderichsen  syn- 
drome) has been attributed to hemorrhage in 
the adrenal glands resulting in adrenal in- 
sufficiency. Autopsy in 14 fatal cases in the 
present series showed hemorrhage and ne- 
crosis in the adrenal glands in only 1. Like- 
wise, dogs given fatal doses of meningococcal 
toxin or Gram-negative bacteria intrave- 
nously show only capillary engorgement or 
occasional petechial hemorrhages in_ the 
adrenals; petechiae are seen oftener in the 
serous membranes, lungs, myocardium, and 
intestinal mucosa.’° The adrenal hemor- 
rhages may be only a manifestation of wide- 
spread vascular damage. Adrenal insuffi- 
ciency has not been proved to play a frequent 
role in any form of bacteremic shock. 

An ideal program for the treatment of bac- 
terial shock is not yet available. There are 
several reports in the literature of successful 
therapy of the Waterhouse-Friderichsen syn- 
drome with adrenal cortex extract, and a few 
recoveries also have been ascribed to the use 
of cortisone and hydrocortisone. Corticotro- 
pin and cortisone in conjunction with anti- 
biotics have been found to be helpful in severe 
infections ; they suppress fever, neutrophilic 
leucoycytosis, and other toxic signs.* Four 
patients in the present series were given these 
agents or adrenal cortex extract, and only one 
recovered. The possible beneficial effects 
upon the circulation are difficult to assess. 
I’xperiments in dogs have showed that large 
doses of cortisone do not prevent hypotension 


shock 


meningococcal toxin. 


and caused by a large amount of 


10 

Early and effective therapy with antibac- 
terial agents is an essential requirement. The 
great value of a proper selection of antibiotics 
guided by antibacterial susceptibility tests is 
Almost all 
patients given ineffective drugs died, but the 


shown by the present study. 


mortality rate was only 30% in those whose 

antibiotics were well chosen. Often the chem- 

otherapy must include more than one anti- 
# References 17, 19, 27, and 28. 


2 


* References 31-33. 
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biotic agent, at least until the identity and in 
vitro antibiotic susceptibility spectrum of the 
responsible bacteria are determined. It seems 
logical to combine a bactericidal antibiotic 
such as penicillin, erythromycin, or strepto- 
mycin with a broad-spectrum antibiotic such 
as chloramphenicol, tetracycline, chlortetra- 
cycline (Aureomycin), or oxytetracycline 
(Terramycin). The danger of drug antagon- 
ism in such situations is not great.¢ If a 
staphylococcic infection seems likely, the use 
of erythromycin, chloramphenicol, or bacitra- 
cin is indicated, because many strains are now 
penicillin-resistant. At first parenteral ad- 
ministration of the antibiotics is preferable, 
since gastrointestinal absorption is not reliable 
in patients with shock. Rapid sterilization of 
the blood and infected foci is sought. Therapy 
with antibiotics has lowered the mortality of 
many common infectious diseases, but anti- 
biotics alone often will not suffice when shock 
occurs. In fact the use of a large dose of an 
effective antibiotic in an infection caused by 
a Gram-negative bacterium may lead to hypo- 
tension.*® The fall in blood pressure may be 
the result of rapid killing of the bacteria, with 
release of large amounts of bacterial endo- 
toxin, i. e., a Jarisch-Herxheimer reaction 
(therapeutic paradox). 

Antitoxin should be administered early and 
in adequate doses in all cases of diphtheria, 
Antitoxin also 


tetanus, and gas gangrene. 
may be useful in staphylococcic and mening- 
ococcal infections with hypotension; unfor- 
tunately, such antitoxic sera are no longer 
available. 

Although hemoconcentration and decline in 
circulating blood volume may not be great, 
experimental data indicate that small reduc- 
tions in blood volume may lower blood pres- 
sure markedly after the onset of hypotension 
caused by a bacterial endotoxin.’® It might be 
helpful to give a moderate amount (500 to 
1000 ml.) of whole blood, pooled plasma, or 
other plasma volume expander (dextran). 
A sustained rise in blood pressure was ob- 
served in several patients given such therapy, 
but the mortality rate was not reduced. A 
marked increase in auricular filling pressure 


+ References 7, 8, and 34. 
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and cardiac output has been observed after 
administration of dextran in large doses in 
dogs.‘ The mean blood pressure increased 
moderately but did not return to normal. Ex- 
cessively large and rapid transfusions may 
lead to pulmonary edema and are not desir- 
able. One should not attempt to restore the 
blood pressure to normal by the use of plasma 
volume expanders alone.’® 

Since there is ample evidence of pooling of 
blood in the periphery in spite of physiologic 
vasoconstriction in the skin of the extremities, 
vasoconstrictor drugs have been used exten- 
sively. Most of these drugs will effectively 
raise the blood pressure transiently, but in pa- 
tients with severe shock response to the drugs 
often declines rapidly (tachyphyllaxis). The 
blood pressure may fall whenever the dose is 
reduced, even though the infection is con- 
trolled. The most effective drug is levartere- 
nol.t In seven patients in the present series, 
levarterenol produced a marked and contin- 
ued elevation in blood pressure when given 
without interruption in relatively large doses. 
The dose often was difficult to control, and 
some care was necessary to avoid pulmonary 
edema, since levarterenol must be given in a 
constant intravenous infusion. In a_ few 
cases the urine output was low while levar- 
terenol was given, in spite of an adequate 
blood pressure. This may have been the result 
of excessive renal vasoconstriction. Experi- 
mental studies have shown that levarterenol 
produces a marked but transient increase in 
systemic blood pressure accompanied by very 
little rise in cardiac output.'? Metaraminol 
proved very useful in six patients. Though 
less effective than levarterenol, this drug pro- 
duced less precipitous and more prolonged 
elevations in blood pressure. Another ad- 
vantage was the fact that it could be given in- 
tramuscularly and did not have to be injected 
continuously. Thus it was easier to give and 
often resulted in less violent fluctuations of 
blood pressure. Vasoconstrictor drugs were 
required in most patients for only a few days. 
In one case (Patient 9, Table) metaraminol 
and other pressor drugs were required in large 
but diminishing doses for three weeks before 


t References 6, 8, 36, and 37. 
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the blood pressure remained stable. Both 
levarterenol and metaraminol seemed to aid 


in reducing the mortality rate. 


SUMMARY AND CONCLUSIONS 


Thirty-five patients with associated bac- 
teremia and shock are reported. The mortal- 
ity rate was 51%. 

The most frequent sources of bacteremia 
were the genitourinary tract, cutaneous sup- 
puration, the biliary tract, peritonitis, and 
lobar pneumonia. The most frequent causal 
bacteria were Paracolobactrum sp., Proteus 
sp., M. pyogenes var. aureus, E. coli, Aero- 
bacter (Klebsiella) sp., and D. pneumoniae, 
in that order. 

Typical signs of shock were present at the 
onset of the hypotension in 15 of 26 patients. 
In the others the hypotension was masked by 
flushing of the skin, bounding pulse, and other 


circulatory changes caused by the infection ; 


shock appeared late in these patients. 

Prompt use of effective antibiotics con- 
trolled the bacteremia, but shock frequently 
remained unchanged and often led to death. 
Blood and plasma transfusions often raised 
the blood pressure level somewhat but did not 
reduce the fatality rate. Vasoconstrictor drugs 
given in large doses were very useful in re- 
storing the blood pressure; levarterenol and 
metaraminol were most effective. Steroid 
hormones did not seem to lessen the shock. 

Shock and death were not caused by adrenal 
insufficiency. Seven of the fourteen patients 
studied at necropsy showed signs of cardiac 
disease which may have contributed to the 
fatal outcome. Widespread damage to small 


blood vessels and petechiae was often found. 
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The rarity of reported cases of arterio- 
venous aneurysm of the innominate artery is 
amazing. This is explained by the fact that 
the etiology is usually traumatic and_ that 
trauma sufficient to penetrate the thorax 
and lacerate the innominate artery is usually 
fatal. 

I:xploration of the “Quarterly Cumulative 
Index Medicus” and the “Index Medicus” 
in their entirety, a search of cross references 
and collateral reading back to Hunter’s mon- 
ograph in 1757,‘ and checking numerous case 
reports has yielded but two cases.* 
reported cases of 


Twelve series. of 


aneurysm were studied ¢ (Table). Various 
modes of selection were employed in these 
series, 1. e€., surgical cases, traumatic 
aneurysms, radiographically studied cases, 
etc. Therefore the figures obtained do not 
represent the absolute incidence of aneu- 
rysms. The venerable analysis of aneurysms 
by Crisp, in 1947,4 was the most extensive 
work. He collected 531 cases of aneurysm 
and reviewed a group of 364 at the London 
Museums. No instance of innominate arterio- 


venous aneurysm was mentioned. 





Submitted for publication April 12, 1955. 

Now in private practice, Buffalo, N. Y. (Dr 
Franklin) and Chula Vista, Calif. (Dr. Mankin). 
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These series contain a total of 2198 aneu- 


rysms, including 834 arteriovenous aneu- 
rysms and &O arterial innominate artery 
aneurysms. The two innominate arterio- 


venous fistulae of the innominate artery and 
vein mentioned in the Table are identical 
with those mentioned above. 

Erich Lexer reported the first case, in 
1934. 
wound with a knife in the “jugular” region 


A 24-year-old man received a stab 


of the right side of the neck. Healing was 
complicated by infection. Residual symptoms 
included dyspnea, palpitation, headache, and 
chronic purulent bronchitis and a continuous 
Upon examination 13 
The 


apical dullness extended past the left mid- 


roaring in his head. 
months later the wound scar was seen. 
clavicular line. A continuous murmur was 
heard to the right of the upper sternum, with 
radiation down along the sternum and up 
into the neck. Blood pressure in the left 
arm was 115/50 mm. Hg and in the right 
arm, 135/60 mm. Hg. Fluoroscopy disclosed 
a generally enlarged heart but no evidence 
of aneurysm. The clinical diagnosis was 
arteriovenous aneurysm of the innominate 
artery and vein. 

The prognosis was considered hopeless, 
and surgical correction was undertaken. This 
was preceded by practicing the surgical ap- 
proach on a cadaver. The operation required 
three hours, using ether and positive pres- 
sure oxygen. The clavicles were cut through, 
two fingerbreadths from the sternoclavicular 
joints; the first and second costal cartilages 
were severed one fingerbreadth from the 
sternum; the sternum was transected (pre- 
sumably about the level of the second rib), 
and the manubrium with its clavicular and 
laid back 


costal (presumably in- 
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A. ARCHIVES 


Analysis of Series of Aneurysms* 


OF INTERNAL MEDICINE 


Arterial A-V 


Aneurysms, Arterial A-V Innominate Innominate Innominate 
No. Aneurysms Aneurysms Aneurysms Aneurysms Aneurysms 
SR NE Sai g'ss dha cb ax awhidee in 551 551 ? 20 20 0 
364 364 ? 3 3 0 
Callander ® (1920) ................ 447 0 447 0 0 0 
Pemberton ® (1928) .............. 25 0 25 0 0 0 
NE SD os 6 ors bins ship a 6 Gis onto’ 3 3 0 3 3 0 
A: a rn ; 3 3 0 3 3 0 
Ce a ee 25 0 25 0 0 0 
ery ree 243 179 68 0 0 0 
NE ONES neacnssccksseceess 29 15 14 0 0 0 
Lindskog ** (1946) ............... 95 ? ? 35 33 2 (2.8%) 
Shumacker t (1946-1948) ......... 364 119 245 0 0 0 
| a 18 18 0 18 18 0 
ee Canes 31 18 13 0 0 0 
2198 1270 837 82 80 2 


t References 13-15. 


feriorly). Subcutaneous capillaries and veins 
were distended and bled freely. The thyroid 
and internal mammary veins were distended. 
The internal mammary vessels on the right 
were ligated and cut. The thymus was re- 
moved. The aneurysmal sac filled and pro- 
truded with expiration. It was thin walled, 
of the size of a chicken egg, and had a palpa- 
ble thrill. The clinical diagnosis was con- 
firmed. Pressure on the innominate artery 
stopped the thrill and caused a temporary 
bradycardia. The jugular, subclavian, and 
innominate veins were clamped distal to the 
sac, and the innominate artery was clamped 
proximal to the sac. The innominate artery 
was opened; a thrombus was removed, and 
the arterial end of the arteriovenous fistula 
was identified. This opening was closed with 
sutures. 
dilated left innominate vein to reduce it to 


A strip was removed from the 


its normal caliber. The bone flap was closed 
with wire sutures; drains were inserted, and 
the tissues were closed. 

The patient developed an infection post- 
operatively and died on the 18th postopera- 
tive day. Autopsy showed an abscess at the 
origin of the superior vena cava and an 
empyema on the right. The closure of the 
arterial end of the fistula and the plastic 
procedure on the left innominate vein were in 
good condition. 

D. C. Elkins reported the second case, in 
1945.° A 25-year-old man was stabbed with 
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*The artery involved was invariably identified, but frequently the type of aneurysm was not stated. 


a pair of scissors in the right upper chest. 
A severe hemorrhage developed ; deep shock 
and unconsciousness resulted. Transfusions 
brought about prompt improvement, and he 
was discharged from the hospital four days 
later with dyspnea as his sole complaint. 
Five months later a murmur was heard and 
he was hospitalized. Examination showed 
a small scar below the right clavicle and 1 in. 
lateral to the sternum. In this area one could 
hear a continuous murmur with systolic ac- 
centuation and a continuous thrill could be 
palpated. Pressure did not obliterate these. 
The murmur radiated over the anterior and 
posterior chest walls, the neck, and both 
shoulders. Blood pressure was 130/50 mm. 
Hg in the right arm and 140/40 mm. Hg in 
the left arm. Venous pressure was 210 cm. of 
water in the left arm and 220 cm. of water 
in the right arm. Roentgenogram indicated 
cardiac enlargement. A month’s 
proved his condition and decreased the size 


rest im- 
of the heart. 

He was operated upon 14 months after the 
time of injury. Superiosteal resection of the 
medial halves of the clavicles, resection of 
the medial 2 in. of the second right rib, 
division of the sterum, and resection of the 
right half of the manubrium were performed 
to obtain adequate exposure. The innominate 
artery was ligated proximally and distally. 
The right innominate vein and the internal 
mammary vein and artery were ligated and 
The 


divided. The thymus was removed. 
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fistula was found between the innominate 
artery and the junction of both innominate 
veins. The veins and the proximal portion 
of the artery were greatly dilated. With the 
ligation of the innominate vessels the pulse 
rate dropped from 84 per minute to 72 and 
the blood pressure rose from 136/60 to 
156/100. To excise the sac would have re- 
quired division of the innominate artery, 
both innominate veins, and the subclavian 
artery. This was not done because of the 
danger of cerebral edema. The sternum and 
the ribs were replaced, and the seven-hour 
operation was concluded. 
Postoperatively a hematoma developed 
under the pectoral muscles. Circulation in 
the right extremity remained adequate. A 
month after operation the heart had returned 
to normal size; the venous pressure was 154 
cm. of water on the left and 234 cm. on the 
right. Arm and shoulder function was nor- 
An examination five months after the 


mal. 
operation showed that both murmur and 


thrill were absent. 


REPORT OF CASE 

The patient was a 21-year-old Caucasian man. 
On June 10, 1952, in Korea, he received shell frag- 
ment wounds in the chest, abdomen, groin, and left 
arm. The latter three wounds were not very serious 
and were easily handled. Observation suggested the 
formation of a superior mediastinal hematoma, and 
this was evacuated. When strength and nutrition 
were improved, a thoracotomy with partial removal 
of the seventh rib was performed for the removal of 
shell fragments. He was discharged to limited duty 
on Nov. 3, 1952. 
a persistent “pulling sensation” over the right lat- 


He was asymptomatic except for 


eral chest wall, for which he reported on sick call. 
Examination disclosed a loud aortic murmur, and 
so he was hospitalized March 31, 1953. 


Examination: He was well developed, strong, and 
healthy in appearance. Peripheral pulses were typi- 


” 


cally “water hammer” in quality. Pulse rate was 


78 per minute. Blood pressure was 130/50 mm. Hg 
in both arms. No cyanosis or edema was noted. The 
trachea was in the midline and had no abnormal 
movements. There were three scars on the chest, 
two of them over the manubrium, the third fol- 
lowing the course of the right seventh rib around 


the thorax. The area of cardiac dullness was of 
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normal size. There was a rough, continuous murmur 
with systolic accentuation in the second right inter- 
costal space to the right of the sternum, which radi- 
ated over the entire precordium, shoulders, neck, 
and back. “Pistol shot” sounds were heard in the 
groin bilaterally. 
in the fundi and in the nail beds. 


Capillary pusations were visible 


Laboratory data: Complete blood cell count, 
urinalysis, serology, and sedimentation rate were 
normal. Electrocardiogram was normal. 
Radiology: Roentgenograms and cardiac fluoro- 
scopy disclosed the heart and great vessels to be of 
normal size, and the only abnormality found was a 
small piece of metal in the anterior superior medi- 


astinum. 


REFLECTED Sr#: MbLVLS 
Vagus NERVE 














Operative site. Left innnominate vein retracted 
to show arteriovenous fistula. 


Hospital course: The patient remained asympto- 
matic except for the “pulling sensation” over the 
right lateral chest wall. Circulation time with cal- 
Venous pressure in 
Under 


acetrizoate 


cium gluconate was 11 seconds. 


both cubital veins was 105 cm. of water. 


fluoroscopic control 25 cc. of sodium 
(Urokon sodium) was injected rapidly intrave- 
nously. The column of contrast media was noted 
to pass smoothly through the right innominate vein 
into the superior vena cava, the right heart, and out 
into the lung fields, without any abnormality being 
noted. 

The patient was transferred to Valley Forge 
Army Hospital at Phoenixville, Pa. The clinical 
diagnosis was arteriovenous aneurysm between the 
The 
patient was operated on May 29, 1953, under endo- 
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tracheal ether and oxygen. The skin was incised 
along the right clavicle to the jugular notch and 
then extended downward to the third interspace to 
the midclavicular line. A subperiosteal resection of 
the medial two-thirds of the clavicle was done. The 
internal mammary vessels on the right were ligated. 
The sternum was split from the jugular notch to the 
third interspace, and the halves were separated, 
thus obtaining adequate exposure. A marked thrill 
was palpable over the junction of the innominate 
veins. The pericardium was opened. The superior 
vena cava and the origin of the innominate artery 
were freed from scar tissue and their pericardial 
attachments. Pressure between the innominate ar- 
tery and the left innominate vein obliterated the 
thrill, and a fistulous tract between them was ex- 
posed. Rubber tissue tapes were passed about the 
left innominate vein proximal and distal to the fis- 
tula. Traction on the innominate artery exposed the 
fistula just above its origin from the aortic arch. 
Dissection of scar tissue resulted in a small lacera- 
tion of the posterior surface of the innominate artery 
which was repaired by interrupted sutures of 00000 
black nonabsorbable (silk) suture material. A Sa- 
tinsky clamp was placed in a lateral position on the 
innominate artery at the site of origin of the fistula. 
The fistulous tract was divided. Bleeding from the 
venous end was controlled by the tapes about the 
vein. The venous opening was everted with a run- 
ning suture of 00000 black silk, and the arterial 
opening was treated similarly. Throughout the oper- 
ation the innominate artery distal to the clamp 
maintained good pulsation. The clamp was removed. 
Soft tissue was interposed between the artery and 
vein. The sternum was reapproximated with peri- 
osteal sutures. A rubber tube drain was left in the 
right pleural space. The pericardium and tissue 
layers were closed anatomically. The total blood 
loss was 3,000 cc. and was replaced during the 
operation. The postoperative course was uneventful. 
The patient was returned to limited duty on July 21, 
1953, and to full duty on Sept. 21, 1953. 

The patient was last examined on May 26, 1954. 
He had no complaints. His heart was normal to 
auscultation and percussion. Electrocardiogram and 
roentgenogram of the chest were normal and un- 
changed. There was no clinical indication of in- 
creased venous pressure. Pulse rate was 72. The 
peripheral pulses were of normal tension. Blood 
pressure was 140/60 mm. Hg in both arms. 
An unexplained arteriolar spasm was noted in the 
left eye. 


SUMMARY AND CONCLUSIONS 


Arteriovenous aneurysm of the innominate 
vessels is a rare lesion. 

Two such cases have been found in the 
literature. A third is reported. 
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The rarity of this lesion may be explained 
by the fact that a penetrating mediastinal in- 
jury which might cause this lesion is usually 
fatal. 

The three cases had the following features 
in common : 

1, Penetrating injury of the right upper 
chest resulting in internal hemorrhage 

2. Latent period of 5 to 13 months be- 
tween the original injury and recognition 
of an arteriovenous aneurysm 

3. A continuous murmur and thrill in the 
right second intercostal space to the right 
of the sternum 

4. Lack of the superior mediastinal syn- 
drome, distinguishing this lesion from an 
arteriovenous aneurysm involving the aortic 
arch. 


1910 Seneca St., Buffalo 10. 
765 Third Ave., Chula Vista. 
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COMBINED HORMONAL-ANTIBIOTIC THERAPY IN PATIENTS 


WITH FULMINATING INFECTIONS 


LAURANCE W. KINSELL, M.D. 
and 
JOHN P. JAHN, M.D., Oakland, Calif. 


O HAVE practiced medicine during the 
past quarter century has been a privilege 
and an exciting experience. During that 


period, there has been a striking change of 
emphasis from tissue pathology to physiology 
and biochemistry. In association with this, 
therapeutic nihilism has been replaced by a 
dynamic and effective pharmacology. The 
two fields in which the most rapid advances 
in pharmacologic theory and practice have 


occurred are those of antibiosis and endocrin- 
ology. 
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prednisolone 


Those physicians who received their train- 
ing and who practiced medicine in the period 
preceding the antibiotic era can well recall 
the feeling of inadequacy inspired by an aver- 
age patient with Pneumococcus pneumonia 
and, to a much greater degree, by the patient 
with bacterial meningitis or Staphylococcus 
septicemia. 

Following upon the initial demonstration 
of the effectiveness of sulfanilamide, increas- 
ingly potent chemotherapeutic and antibiotic 
agents became available at an amazing rate. 
As a result, the clinician may now approach 
the average patient suffering from a bacterial 
infection with a sense of confidence and 
adequacy. 

In 1949, Dr. Hench 
made their initial reports relating to the ef- 


and his associates 


fects of cortisone and corticotropin (ACTH ) 
in patients with arthritis and other nonbac- 
terial diseases characterized by widespread 
inflammation.’ Later in that same year, Dr. 
Finland and his associates had occasion to 
observe the effect of corticotropin adminis- 
tration to a patient with a major bacterial 
disease characterized by an intensive inflam- 
matory namely, Pneumococcus 
pneumonia.” The first patient so treated 
within 24 hours appeared clinically well, 
despite the fact that organisms could still 
be cultured from his blood stream. Subse- 
quently the infection was eradicated, as the 
result of formation of specific antibodies. 
This observation impressed us as being of 


response, 


great importance. 

Before proceeding further with a consid- 
eration of this type of observation, it may be 
well to review briefly the available knowledge 
concerning the relation of the adrenal cortex 
to infection. It has long been recognized that 
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ADDISON'S DISEASE 
CLINICAL_PHYSIOLOGY 


No axillary 
or pubic hair 


f lips and gums 


a if “4 
$ a 
. \ 


Pigmentation 
of knuchles 


Adrenal cortical insufficiency results in- 
1. Decreased sodium reabsorption- hence 
decreased blood volume and hypotension. 
2.Hypoglycemia as the result of impaired 


neoglucogenesis. 


3. Loss of axillary and pubic hair in 


the female. 


4. Increased susceptibility to infec- 
tions and toxemias in general. 


Fig. 1. 


the Addisonian patient and the adrenalec- 
tomized animal are exquisitely sensitive to 
infection * (Fig. 1). 
desoxycorticosterone, a hormone-like ma- 


The availability of 


terial which essentially affects only salt and 
water metabolism, made for better stabiliza- 
tion of the Addisonian patient, but it in no 
Lm 


* References 3-5. 


The Addisonian patient before cortisone was notoriously hyporesistant to infection. 


way improved his ability to cope with infec- 
tion. Very large amounts of whole adreno- 
cortical extract frequently were required to 
enable such a patient to survive even a simple 
upper respiratory involvement. With the 
availability of cortisone and hydrocortisone, 
the entire picture changed. The Addisonian 
patient maintained with proper amounts of 
cortisone-like steroids is no more hypersensi- 
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tive to infection than is the average member 
of the population. When he acquires an infec- 
tion, increased amounts of cortisone or hydro- 
cortisone are required until the infection is 
controlled. From this type of observation, 
there would appear to be little question that 
adrenal steroids of the cortisone type are 
vitally implicated in the total process of re- 
sistance to disease. Recent experimental ob- 
servations indicate that corticoids exert a sig- 
nificant protective effect against endotoxins 
elaborated by a variety of pathogens.7 

Other observations exist, however, which 
indicate that administration of large amounts 
of corticoids can increase morbidity and mor- 
tality in experimental animals exposed to in- 
fectious organisms.t Also, there are reports 
in the literature indicating that in the human 
under certain circumstances corticoid admin- 
istration can result in the dissemination of 
pulmonary tuberculosis and of other previ- 
ously localized infections.’? 

Superficially, these two sets of observa- 
tions would appear to be in conflict. How- 
ever, if one investigates the known pharma- 
cologic effects (as opposed to the physiologic 
effects) of the corticoids, the picture comes 
into focus. 

At least three 
concerned in the over-all picture of resistance 


nonhormonal factors are 
to infectious disease : 

1. The inflammatory reaction. This may be 
regarded as the first line of defense, tending 
to keep an organism localized until the pro- 
duction of specific immune bodies has gath- 
ered sufficient momentum. Inflammation 
is profoundly inhibited by pharmacologic 
amounts of corticoids (see below). 

2. The production of specific immune 
bodies. These overwhelm the invading organ- 
isms and/or neutralize toxins produced by 
the organism, assuming that the inflammatory 
response has enabled the subject to survive 
the initial onslaught. This type of protection 
may be temporary or permanent. There is no 
evidence that corticoids, properly admin- 


+ References 6 and 7. 
t References 8-11. 
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istered to human subjects, interfere with 
antibody formation (see below). 

3. Antibiotics. If one were of a philosophi- 
cal turn of mind, he might wonder why the 
Master Architect had not incorporated within 
us the ability to produce our own antibiotics 
as well as, or instead of, specific antibodies. 
To this, as to a great multitude of other 
philosophical questions, there is no readily 
available answer. As the result of the keen 
observation of men such as the late Professor 
Fleming, we have available to us agents which 
are relatively nontoxic to the host but which 
inhibit or destroy the majority of common 
and uncommon nonviral infectious 
organisms. So efficient are these agents that 
both the inflammatory reaction and the pro- 
duction of specific immune bodies become of 


some 


much less importance in determining whether 
a given individual shall survive the onslaught 
of infectious agents. 

However, despite the efficacy of antibiotics, 
in any large hospital one still sees patients 
who, as the result of late diagnosis, poor 
constitutional status, or unusually virulent 
infections, succumb to infectious diseases. In 
the Alameda County Hospitals, as in most 
county hospitals, one sees a significant num- 
ber of patients suffering from generalized 


peritonitis, meningococcemia, and other infec- 


tions, who are admitted in a near-moribund 
condition. With Dr. Finland’s observations 
in mind, in 1950 we decided to embark upon 
a program of combined hormonal-antibiotic 
therapy in such patients. This therapy was 
based upon the working hypothesis that the 
corticoids in some way exert a nonspecific 
antitoxic effect, protecting the cells of the 
host against a variety of bacteria and other 
toxins ( Fig. 2). It was postulated, then, that 
the corticoids would enable one to “buy time,” 
i. e., to keep the patient alive until properly 
indicated antibiotics would have sufficient 
time to take effect, and/or would enable one 
to improve the status of such a patient to 
permit of early definitive surgery. It was felt 
that the proper use of broad-spectrum anti- 
biotics would protect the patient against any 


tendency to dissemination of infection which 





HORMONAL-ANTIBIOTIC THERAPY 


Fig. 2.—Corticoids (a) “build a 


wall” between 


toxins and cells (lower left); (b) inhibit 


inflammation (center) (rat paw preparation supplied by Hans Selye) ; (c) do not inhibit bacterial 


growth (lower right). 


might result from inhibition of the inflamima- 
tory reaction by the corticoids. In this and 
affiliated institutions since that time, consid- 
erably more than 300 patients have been 
treated with such combined therapy. A por- 
tion of this experience is reported in detail in 
a recent paper.'® 


SPECIFIC CLINICAL CONSIDERATIONS 

The first patient so treated was a child witl 
generalized peritonitis, as the result of a rup- 
tured appendix. From the history, the latter 
had occurred several days prior to the admis- 
sion of the patient to the hospital. Despite 
antibiotic therapy, the child’s condition was 
regarded as being extremely critical, and the 
made to introduce corticoid 


decision was 


therapy. In the space of 24 hours, the patient 


was almost free of fever, appeared clinically 


well, and not only had active peristalsis but 
had a spontaneous stool. The further course 
of this patient is described elsewhere.'* E-x- 
perience with him and with other similar pa- 
tients indicated beyond any reasonable doubt 
that the combination of hormonal and anti- 
biotic therapy not only might be lifesaving, 
but would permit of early surgery and rapid 
uncomplicated convalescence, if one adhered 
strictly to a proper program. Generalized 
peritonitis is, therefore, regarded as a specific 
indication for combined therapy. Also, com- 
bined therapy has been employed since 1950 
in patients with meningitis of unusual sever- 
ity and in patients with meningococcemia, 
with or without meningitis. As in the case of 
patients with peritonitis, initially such therapy 
was reserved for those who entered the hos- 


pital in a moribund or near-moribund state. 
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“COMPOSITE" RESPONSES TO COMBINED 
HORMONAL-ANTIBIOTIC THERAPY 


Fig. 3.—“Average” temperature curves in hypothetical medical and surgical patients, showing 
usual response and progress with combined therapy. Actual temperature curves are shown in 


other reports (see text). 


As it became apparent that the results of 
combined therapy were salutory, and that 
untoward effects were conspicuously absent, 
the use of such therapy was extended to 
meningitis patients in a less severe category. 
At the present time, all patients with menin- 
gococcemia, with or without Meningococcus 
meningitis, routinely receive combined ther- 
apy, as well as those with other bacterial 
meningitides of more than usual severity, 
assuming that a bacteriologic diagnosis is 
available and that the organism is known to 
be responsive to specific antibiotics. In Fig- 
ure 3 are shown “average” temperature re- 
sponse patterns in patients with medical and 
surgical emergencies who have received com- 
bined hormonal-antibiotic therapy. Specific 
temperature and clinical-response curves are 
reported elsewhere.”* 


INDICATIONS FOR COMBINED HOR- 


MONAL ANTIBIOTIC THERAPY 


OTHER 


Any bacterial infection of unusual severity 
for which a specific antibiotic is available 
constitutes a potential indication for initial 
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intensive corticoid therapy. By the same 
token, bacterial infections of average severity 
(at least for the present) should be treated 
(with the possible ex- 


involving the central 


with antibiotics alone 
ception of infections 
nervous system ). 
Generally speaking, infections for which 
antibiotics are not available contraindicate 
the employment of corticoids. On the basis 
of the experience of others as well as our- 
selves, however, there appear to be two ex- 
ceptions to this rule; namely, severe viral 
hepatitis and mumps orchitis. In the former 
condition, it has been well established that 
intensive corticoid therapy can be effective 
therapy for patients in hepatic coma and 
that its premature discontinuance may be 
associated with reappearance of coma and 
rapid progression of the hepatic damage.§ 
Prolonged corticoid therapy, in association 
with adequate formula feeding, may be neces- 


sary in this condition. 


§ References 15-19. 
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Intensive corticoid therapy for patients 

with orchitis 

sistently associated with rapid and complete 


mumps appears to be con- 
disappearance of all inflammation in the 
gonads, If therapy is instituted sufficiently 
early, it is probable that there will be no 
residual damage to the testis. No untoward 
effects have been observed. 

Shock from any cause, with the possible 
exception of that resulting from simple blood 
loss when blood replacement is immediately 
available, may be considered an indication 
for corticoid therapy. If the response to 
intravenous hydrocortisone does not occur 
promptly, arterenol (Nor-epinephrine) may 
be coadministered. The antishock effect of 
the corticoids appears to be more “funda- 
mental” and sustained than that produced by 
arterenol. It seems probable that the former 
effect is via favorable modification of cell 
membrane permeability, the latter only via 
constriction of the peripheral vascular bed 
It is our impression that prompt therapy in 
such patients may quite significantly lessen 
the occurrence of ‘lower nephron nephrosis.”’ 

Tuberculous meningitis, unresponsive to 
intensive antibiotic administration, may als« 
indication for combined 
therapy.*° Since the advent of isoniazid ther- 
apy, however, no adjuvant hormonal therapy 


be considered an 


has been required in our institution. 

SPECIFIC THERAPEUTIC PROCEDURES 
than two 
years, one of two “standard” programs has 
been followed (Fig. 4). More than 80% of 
the patients who have been treated have 
the short 
Roughly 10% have been treated according to 


In our institutions, for more 


received (four-day) program. 
the seven-day program, and the remainder 
have been treated for longer (or occasionally 
shorter) periods of time. 

The principles involved are as follows: 

1. Very intensive initial therapy with both 
corticotropin and cortical steroids. During the 
past several months, we have had available 
hydrocortisone in propylene glycol and 
hydrocortisone hemisuccinate. With either of 
these, 100 mg. of hydrocortisone can be given 
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Fig. 4—‘Standard” emergency corticoid therapy. 
In a large majority of patients the “short-term 
program” is adequate. 


intravenously in the space of a few minutes. || 
The blood levels obtained with the adminis- 
tration of 100 mg. of either of these materials 
are shown in Figure 5. On the basis of clinical 
response and eosinophile fall, it would ap- 
pear that an effect can be demonstrated 
within less than 30 minutes after adminis- 
tration. The ability to administer a large dose 
a 

|| The free hydrocortisone in propylene glycol 
was supplied through the courtesy of Dr. Edward 
Henderson, of the Schering Corporation ; the hydro- 
cortisone hemisuccinate was supplied by Dr. C. J. 
O’Donovan, of The Upjohn Company. One hundred 
milligrams of the former is contained in a volume 
of 4 cc.; 133.7 mg. of the latter is contained in one 
ampule vial (equivalent to 100 mg. of hydrocorti- 
sone). The addition of 2 cc. of sterile distilled water 
results in a solution which is chemically stable for 
several hours. 
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Fig. 5—The amounts of hydrocortisone in the two preparations are 


2 
HOURS 


identical. Metabolic 


effects are produced within 30 minutes and probably continue for some hours after the blood 


levels have fallen to normal. 
published. ) 


of cortical steroid in this fashion has been par- 
ticularly valuable in the case of small chil- 
dren, to whom the previously available prepa- 
rations (with a maximum solubility of 100 
mg/500 cc. of aqueous solution) of necessity 
were administered slowly. 

2. Gradual decrease in the amount of corti- 
coids over the total period of administration. 

3. Administration of corticotropin for one 
day longer than cortisone to eliminate any 
concern about residual adrenal atrophy! 

4. Administration of antibiotics for at least 
three days after all corticoids have been dis- 
continued. In the case of peritonitis, we now 
routinely administer antibiotic therapy for 
one week after the discontinuance of corti- 
coids. 

5. If combined therapy is to be used in 
patients with generalized peritonitis, or with 
any other emergency surgical condition, it 
is mandatory that the surgeon realize that 
definitive surgery must be carried out at the 
earliest moment that the patient can be con- 
sidered a reasonably good operative risk. 
Only tragedy will result if any other course 
is pursued! It must be recalled that the corti- 
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coids so change the usual picture of disease 
that one’s clinical judgment becomes worth- 
less. Unless the surgeon is aware of this, he 
may be inclined to postpone surgery and 
thus to lose valuable time, as well as to run 
the risk of dissemination of infection. At the 
time of definitive surgery all free pus should 
be aspirated from the peritoneal cavity, fol- 
lowed by irrigation with saline and further 
aspiration, to minimize the likelihood of resi- 
dual pockets of purulent material which later 
can result in abscess formation. 

6. Initially, we had some concern regard- 
ing possible interference with wound healing 
in patients treated in this fashion. No diffi- 
culties of this sort have arisen in any patient 
whose nutrition prior to surgery was reason- 
ably good. In malnourished persons corti- 
coids must be administered for the shortest 
period of time compatible with survival. 

7. It is essential that nutrition be main- 
tained at an optimal level wherever possible, 
with particular reference to high-protein, 


high-potassium, adequate calorie, and low- 
sodium intake, because of the protein-cata- 
bolizing, potassium-losing, and sodium-re- 
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taining effects of the corticoids. Needless to 
say, in a surgical patient in whom gastric 
suction is being used, or in any patient in 
whom abnormal fluid loss is occurring, con- 
stant laboratory control must be observed to 
enable one to keep abreast of electrolyte and 
fluid requirements. 

8. Anabolic steroids should be coadmin- 
istered to all poorly nourished persons, or to 
those in whom corticoid administration is to 
be continued for more than four days. A 
single dose of 200 mg. of testosterone cyclo- 
pentylpropionate or nortesterionate (19-nor- 
testosterone cyclopentylpropionate) may be 
adequate. 


RELATIVE CONTRAINDICATIONS 

In a patient who is critically ill, any contra- 
indication to any therapeutic agent is relative. 
In general terms, corticoid therapy is contra- 
indicated in patients with active tuberculosis, 
peptic ulcer, or major emotional instability. 
If, however, the condition for which the corti- 
coid will be used is almost certain to be fatal 
unless corticoids are administered, the con- 
traindication may properly be regarded as 
the lesser of two evils. In the tuberculous 
patient, one will administer intensive anti- 
biosis for the tuberculosis, in conjunction with 
the corticoid ; in the ulcer patient, an intensive 
antiulcer regimen will be instituted; and in 
the emotionally unstable patient, one will 
hope that a relatively short course of corti- 
coid therapy will not precipitate a transient 
psychosis. On the basis of as yet limited 
observation, it seems probable that the em- 
ployment of the new A? compounds (predni- 


sone and prednisolone) will result in much 


lower incidence of mental and emotional 
disturbance. 

In the patient with a poor myocardium 
corticoid administration, because of the so- 
dium-retaining effect, is potentially hazard- 
ous. In this group also, the A’ compounds 


may be superior. 
THEORETICAL “HAZARDS” 
As noted above, there are abundant animal 


data which indicate that under specific experi- 
mental conditions the administration of corti- 


coids will increase the mortality of animals 
when they are exposed to infection. In all 
such experimental work, the corticoids have 
been employed in a totally different fashion 
than in the manner recommended for their 
clinical application.*! It is well to emphasize 
again, however, that in infectious disease of 
whatever nature, inhibition of the inflamma- 
tory reaction breaks down the first line of 
defense against invading organisms. Hence 
corticoid therapy is to be used only in con- 
junction with potent antibiotics; further, 
one’s objective is to use the minimal amount 
of corticoid therapy compatible with the 
desired therapeutic effect. 

There are data from experimental animals 
which indicate that corticoids can inhibit the 
formation of immune 


specific proteins. 


Again, the conditions under which such 
effects are obtained differ totally from those 
under which the corticoids are employed 
(for emergency therapy). One 
might worry about such effects in patients on 


clinically 


long-term intensive corticoid therapy, e. g., 
patients with the severe collagen diseases. 
Such patients, however, rarely manifest ab- 
normal susceptibility to infection or inability 
to cope with spontaneously occurring in- 
fections. 

Concern in regard to interference with 
wound healing has already been mentioned. 
As in the case of immune body formation, 
this appears to be a problem of no clinical 
importance, with the possible exception of 
extremely malnourished persons. In such 
patients corticoid therapy should be used 
only as a last resort. 

There is one group of patients in whom 
corticoid therapy, emergency or otherwise, 
should be avoided, namely, those with wide- 
spread long-standing allergic dermatoses. The 
incidence of complications in these patients, 
in our experience as well as in the experience 
of others,”® has been disturbingly high. Viru- 
lent metastatic infection may occur in such 
patients (usually staphylococcic, presumably 
as the result of migration of organisms from 
the skin into the general circulation, as the 
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result of inhibition of the inflammatory re- 
action). Perforated ulcer and mental aber- 
ration are also of common occurrence. 


SUMMARY 

On the basis of five years’ experience with 
more than 300 patients having severe sys- 
temic infections, it appears that combined 
hormonal-antibiotic therapy, properly used, 
may result in lessened morbidity and mor- 
tality. Injudicious use of corticoids in such 
patients can produce precisely the opposite 
effect. The principles involved are as follows: 

1. The vast majority of patients with in- 
fectious disease, as the result of the inflam- 
matory reaction, the formation of specific 
immune bodies, endogenous adrenal cortex 
activity, and the proper use of antibiotics, 
make an uneventful recovery. 

2. In a small group of patients, infection 
can result in fatality before the above agencies 
can be adequately mobilized. In such patients 
short-term, intensive corticoid therapy may 
result in rapid and profound diminution of 
systemic toxicity. Inhibition of the inflamma- 
tory reaction brought about by such therapy 
constitutes a potential hazard. This hazard 
can be adequately neutralized by the coad- 
ministration of properly indicated antibiotics 
and by discontinuance of corticoid therapy as 
rapidly as the patient’s condition permits. It 
is essential that a precise program be fol- 
iowed. 
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News and Comment 


ANNOUNCEMENTS 


New Publication.—Cardiovascular Disease: Data on Mortality, Prevalence and Control 
Activities, is a new publication of the Public Health Service, U. S. Department of Health, 
Education, and Welfare. Designed particularly for use by people working in the heart disease 
field, the booklet provides information on cardiovascular-renal disease mortality and prevalence 
and on heart disease control activities. 

In general, data are included which permit comparisons among various population groups, 
among States, or among geographic regions. Results of casefinding where various populations 
were examined and various screening techniques used are also shown. 

The 68-page booklet, issued as Public Health Service Publication 429, contains 36 tables. It 
was prepared by the Heart Disease Control Program of the Division of Special Health Services, 
Bureau of State Services, and single copies are available from the Heart Program. 


Laboratory Refresher Courses.—The Public Health Service Venereal Disease Program 
has announced that nine laboratory refresher courses covering the serology of syphilis, 
management and control of syphilis serology by the regional laboratory, and tests for syphilis 
using Treponema pallidum will be offered at the Venereal Disease Research Laboratory in 
Chamblee, Ga., from September, 1955, through May, 1956. 

The schedule of courses is as follows: 

Sept. 26-Oct. 7, 1955 Serology of Syphilis 

Oct. 24-Nov. 4, 1955 Serology of Syphilis 

Oct. 31-Nov. 10, 1955 Tests for Syphilis Using the 

Treponema Pallidum 

Jan. 9-20, 1956 Serology of Syphilis 

Feb. 6-17, 1956 Serology of Syphilis 

March 12-23, 1956 Serology of Syphilis 

April 2-13, 1956 Serology of Syphilis 

April 16-27, 1956 Tests for Syphilis Using the 
Treponema Pallidum 


April 30-May 11, 1956 Management and Control of 
Syphilis Serology by the 
Regional Laboratory 


The Serology of Syphilis courses are designed to provide refresher training to senior 
operating personnel of State and Public Health Service Laboratories. They include lecture, 
demonstration, and participation periods covering the most widely used American methods for 
the serodiagnosis of syphilis with references to latest developments in this field. 

Courses about tests for syphilis using Treponema pallidum also include lectures, demonstra- 
tions, and some class participation in the immobilization (TPI), agglutination (TPA), comple- 
ment-fixation (TPCF), immune-adherence (TPIA), and other tests using the virulent 
Treponema pallidum as an antigen source. The complexity of these tests requires that these 
classes be limited to small groups, but additional classes may be scheduled if there are large 
numbers of qualified applicants. Applicants for these courses should have had adequate experience 
in the field of serology and be in supervisory positions. 

The course in management and control of syphilis serology by the regional laboratory, 
designed for assistant laboratory directors and senior laboratory staff members, includes review 
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of interlaboratory studies, laboratory inspection procedures, demonstration of antigen check- 
testing, control serum preparations, etc. This course will be expanded or repeated to accom- 
modate overflow applicants. 

Applications for any of the courses must be signed by the State Health Officer or State 
Laboratory Director unless the applicant is an employee of the Public Health Service. In such 
instances application must be approved by the Medical-Officer-in-Charge. Application blanks 
may be obtained from the address below. Reservations are made as soon as applications are 
received, and lists are closed one month before course starting dates. Correspondence about these 
courses should be addressed to Director, Venereal Disease Research Laboratory, Division of 
Special Health Services, PHS, Department of Health, Education, and Welfare, P.O. Box 185, 


Chamblee, Georgia. 


Supplement to Immunization Information.—A supplement to the booklet “Immunization 
Information for International Travel” has just been released by the Public Health Service of 
the Department of Health, Education, and Welfare. It carries changes made in immunization 
requirements from June, 1954, to June, 1955. Persons having a 1954 edition of the booklet may 
obtain copies of the supplement, free of charge, from the U. S. Public Health Service, 


Division of Foreign Quarantine, Washington 25, D. C. 
The booklet, including the new supplement, may be purchased for 20¢ from the Superintendent 
of Documents, Government Printing Office, Washington 25, D. C. A 25% discount is allowed 


on orders of 100 copies or more delivered to the same address. 


The Academy of Psychosomatic Medicine.—The Academy of Psychosomatic Medicine 
will hold its Second Annual Meeting on Oct. 6, 7, and 8, 1955, at the Plaza Hotel, in New York. 
The subject of this year’s scientific program is “The Psychosomatic Aspects of Drug Adminis- 
tration.” There is no registration fee. Guests may attend the banquet. 

Speakers include, among others, the following: Lester L. Coleman, M.D., who will talk on 
“Wonder Drugs—A Psychosocial Phenomenon”; Harry Kozol, M.D., discussing “Epilepsy : 
Modern Treatment with Drugs as a Keystone of Psychosomatic Method”; George B. Koelle, 
M.D., presenting “The Clinical Neuro-Pharmacology of Mescaline and d-Lysergic Acid”; 
Joseph E. F. Riseman, M.D., commenting on “Experiences with Placebos in the Treatment of 
Angina Pectoris”; Mark D. Altschule, M.D., presenting “Ideas About the Metabolism of 
Epinephrine,” and M. Murray Peshkin, M.D., discussing the “Psychosomatic Aspects of Drugs 
in Allergy Practice.” 

A preliminary program can be obtained from the Secretary, Ethan Allan Brown, M.D., 
75 Bay State Road, Boston. Reservations should be made directly with the Hotel, and a carbon 


copy should be sent to the Secretary’s office. 


Announcement of the Van Meter Prize Award.—The American Goiter Association 
again offers the Van Meter Prize Award of $300.00 and two honorable mentions for the best 
essays submitted concerning original work on problems related to the thyroid gland. The 
award will be made at the annual meeting of the Association, which will be held at the Drake 
Hotel, Chicago, May 3, 4, and 5, 1956, providing essays of sufficient merit are presented in com- 
petition. 

The competing essays may cover either clinical or research investigations, should not exceed 
3000 words in length, and must be presented in English. Duplicate typewritten copies, double- 
spaced, should be sent to the Secretary, Dr. John C. McClintock, 14914 Washington Ave., 
Albany, N. Y., not later than Jan. 1, 1956. The committee who will review the manuscripts is 
composed of men well-qualified to judge the merits of the competing essays. 

A place will be reserved on the program of the annual meeting for the presentation of the 
winning essay by the author if it is possible for him to attend. The essay will be published in the 


annual proceedings of the Association. 


Venereal Disease Postgraduate Course.—The 24th Venereal Disease Postgraduate 
Course for physicians sponsored by the University of Chicago and the Public Health Service 
will be given at the University of Chicago, Sept. 26 through Sept. 30, 1955. 
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The one-week course is designed to acquaint the practitioner with the latest developments in 
diagnosis, treatment, and management of the venereal diseases. No tuition will be charged for 
this course. Applications for admission are to be sent to the Section of Dermatology, Department 
of Medicine, University of Chicago, Chicago 37. 

The faculty for this course will be drawn from various universities, the Public Health Service, 
and from outstanding authorities in the field. This course is accredited by the American Academy 
of General Practice. 


Manual of Serologic Tests for Syphilis—The Public Health Service of the U. 5S. 
Department of Health, Education, and Welfare recently announced release of the 1955 edition 
of the “Manual of Serologic Tests for Syphilis.” 

The Manual assembles the latest technical procedures to be observed in the performance of 
each of the reliable, evaluated serologic tests for syphilis now commonly employed in the United 
States. Included are the American Public Health Association, Hinton, Kahn, Kline, Kolmer, 
Mazzini, Rein-Bossak, and VDRL tests. 

The new Manual (Public Health Service Publication No. 411) supersedes Supplements 9, 11, 
and 22 of the Journal of Venereal Disease Information and |’D-Graphi@ 85. Copies may be 
obtained from the Superintendent of Documents, U. S. Government Printing Office, Washington, 
D. C. The price per single copy is $1.00. 


Continuing Supply of Rhesus Monkeys for Medical Research and Production of 
Antipoliomyelitis Vaccine.—As result of negotiations, the United States Mission to India 
and the United States Embassy in India have secured the agreement of the Government of India 
to permit the continued exportation of rhesus monkeys for medical research and production of 
antipoliomyelitis vaccine. All needs must be certified by the United States Government through 
the Public Health Service. 

Information concerning Public Heaith Service procedure and Certificate of Need forms may 
be secured from National Institutes of Health, Room 1012, Building T-6, Bethesda 14, Md. 
(Telephone number: Oliver 6-4000, Extension 2748, Miss Parent). 


Cardiovascular Training Center.—Plans for the establishment of a pilot Cardiovascular 
Training Center for Nurses were announced today by Surgeon General Leonard A. Scheele, 
of the Public Health Service, U. S. Department of Health, Education, and Welfare. First of its 
kind, the Center will be located at the University of Minnesota School of Public Health, starting 
Jan. 1, 1956. 

Cooperating with the Public Health Service in the project are the Minnesota Department of 
Health, the University of Minnesota School of Public Health, and other agencies in Minneapolis 
and St. Paul, which will offer trainees field experience in special services for cardiovascular 
patients. 


Nurses for the first group to train at the Center will be drawn mainly from the consultant, 


supervisory, and instructor positions. Candidates to represent the various fields of nursing— 
hospital, industrial, nursing education, and public health—as well as different sections of the 


country will be accepted. 

Dr. Gaylord Anderson, Director of the School of Public Health at the University of 
Minnesota, said, “This is not an attempt to prepare nurse-specialists but rather to give nursing 
leaders a better understanding of new developments in the cardiovascular field and of how to 
apply these developments to the nursing care of patients, both in the home and hospital.” Dr. 
A. J. Chesley, Minnesota State Health Officer, commented that the Health Department welcomes 
the opportunity to cooperate in the Center which “we feel will offer unusually excellent 
experience for all trainees.” 

Miss Lola Hanson and Miss Margaret Denham, nurse consultants in the Service’s Heart 
Disease Control Program, will serve as liaison between the Public Health Service and the 
Center. Miss Mildred Jones, also a Heart Program nurse consultant, has just left for Minne- 
apolis to be Public Health Nurse Coordinator at the new Center. 

Applications for the Training Center are being received at the University of Minnesota 
School of Public Health. Early applications are urged since the first group will be limited, with 


studies scheduled for one quarter. 
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CORRECTIONS 


In the review of “Menst*uation und innere Medizin,” by Friedrich-Horst Schulz and H. 
Knobloch, in the July, 1955, issue of the A. M. A. ARCHIVES OF INTERNAL MEDICINE (p. 136) 


Yd; 


the name of the publisher was incorrectly given. This book is published by VEB Georg Thieme, 


Hainstrasse 17-19, Leipzig C 1, Germany. 


In the article, “Newer Concepts of Experimental Obesity,” by Mildred Fertman, M. A., M.D., 
in the June, 1955, issue of the ARCHIVES, an error occurred in the citation of the findings of 
Owen and co-workers. The fifth sentence of the second paragraph under “B. Traumatic Factors” 
should read: “Owen and co-workers found no significant weight loss in the control animals, as 
compared with variable weight losses in the gold-thioglucose-injected mice, when on a diet 
diluted 80% with kaolin.” 





Books 


From this issue on, Dr. William Bean, of the ArcuIveEs Editorial Board, will have charge 
of the Books section. Dr. Bean brings to this task a keen interest in the cultural as well as the 
clinical aspects of medicine. Those familiar with his writings are aware of his background of 
solid scientific accomplishment, his compulsion to be fair and honest, and his unusual flair for 
the writing of pungent and elegant prose. His aim will be to give our readers a thoughtful 
appraisal of the new books that will be of interest to internists. The Editorial Board feels that 
its gratification over his willingness to accept this assignment will be shared by all of our 


readers. ‘ ey oe. 
Paut S. Ruwoaps, Chief Editor 


Colloquia on Ageing: Vol. 1. General Aspects. By the Ciba Foundation. Price, 30 s. 
Pp. 255, with 64 illustrations. J. & A. Churchill, Ltd.. 104 Gloucester Place, Portman Sq., 
London, W.1, 1955. (This book is published in America under the title Ageing: General 
Aspects, Vol. 1; price, $6.75; pp. 255, with 64 illustrations; Little, Brown & Company, 
34 Beacon St., Boston 6, 1955.) 

In our rapidly moving scientific age, the printing press, despite its frantic efforts, scarcely 
keeps up with recent changes. In trying to bring current material before the avid reading public, 
and perhaps for other reasons, the last ten years has seen a great increase in publication of books 


WILLIAM B. BEAN, M.D. 


reporting the proceedings of meetings. These have varied from the presentation of formal papers 
with little general discussion to an almost verbatim transcription of conversaziones, revealing 
both intellectual fire and emotional smoke. For the most part such books deal with the probing 
and advancing patrols of an army of scientists attacking the unknown. They also represent con- 
ferences of patrol leaders with general staff officers. Of the two books here considered, the 
“Colloquia on Ageing” consists of a series of papers, on the whole somewhat more mature and 
formal than those in the symposium on Cerebrovascular Diseases, perhaps because the topic 
encompasses broader and more comprehensive principles. Discussion frequently indicates the 
semantic complexities of defining so complex a process as ageing without prior definition of life 
or of time. It may be surprising to those not more conversant with the field to find out how 
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much actual work has been done along experimental and clinical lines to clear the way for a 
detailed attack on the problem. The main usefulness of this first of a series of colloquia on 
ageing is as a statement of the pioneering and exploring work. A vast unknown land has been 
looked at from new vantage points, even though from a distance. Having laid down definitions, 
marked out a few boundaries, and posed the problem, the next stage is to go back and collect 
more information, extend the maps, and analyze the significance of the findings. This, the first of 
the series of colloquia, emphasizes changes in human tissues with age, general pathologic find- 
ings, skeletal changes, metabolic changes, mental changes, nutritional factors, and many others. 
It reflects the present, somewhat tentative, research on ageing. Its approach is in harmony with 
the increasing tendency for an ecological view of sociomedical problems. It should appeal to 
those whose interests are academic, clinical, or general. Witttase B. Bean: MD. 


Cerebral Vascular Diseases. By Irving S. Wright, M.D., and E. Hugh Luckey, M.D. 
Price, $5.50. Pp. 167, with 5 illustrations. Grune & Stratton, Inc., 381 4th Ave., New York 


puperre 


16, 1955. 

“Cerebral Vascular Diseases” is the transcript of a conference. Formal papers were not 
presented, but several monologues provided the theme for the individual sessions. The result 
is naturally very uneven, but it highlights well the known and unknown aspects of the dis- 
eases under consideration. The excitement and stimulus of such a conference is well reflected 
even though we may suppose there has been some expunging by the editor. In fact, sometimes 
it is a little embarrassing for the reader who feels that he has inadvertently stepped into the 
midst of a family quarrel. Unfortunately, this type of book is never as valuable for the reader 
as it is for those who participate in the conference which produces it. When one goes to the 
trouble of having a book made of such a conference, certain obvious omissions, oversights, errors, 
or even unaccountable lapses of information stand out glaringly to be recorded for posterity 
and the embarrassment of those caught napping. The book loses a good deal of value because the 
references are very inadequate. They appear in only certain sections of the report. The index 
is meager. 


A few specific comments: Neurologists have not yet gotten away from their awkward 


redundancy of the expression “space occupying lesion” as though there could be lesions that did 
not occupy space; emboli is used in the singular, as are data and sequelae. There are a few 
remarkable statements such as “Does the chronology precede the electroencephalogram?”, the 
word “level,” which tends to get out of hand at conferences, makes one stop and think several 


times before meaning emerges from the statement that “anticoagulant levels were above the 
desired level.” Also, it seems a pity that when some simple fact which has eluded the company 
is available it is not put in later by the editor as a footnote. 

This book and the “Colloquia on Ageing” are both very stimulating and are excellent repre- 
sentatives of two different kinds of conference. How the authors will feel about their somewhat 
casual words and views, achieving the immortality of the printed page, when looked at in the 
cold afterthought of 10 or 20 years, is an interesting matter for reflection. 


WILLIAM B. Bean, M.D. 


Surgery of the Alimentary Tract. By Richard T. Shackelford, M.D., assisted by Hammond 
J. Dugan, M.D. Price, $60.00, for the set of three volumes. Vol. 1, pp. 1 to 862; Vol. 2, 
pp. 863-1633; Vol. 3, pp. 1635-2575, with 1705 illustrations through Vols. 1, 2, and 3. W. B. 
Saunders Company, 218 W. Washington Sq., Philadelphia 5, 1955. 


Thirty-one years have gone by since Bickham published his six-volume compendium on 
surgery, including general operations and the specialties. A revision has long been needed, and 
many years ago the publishers asked Dr. Callander to take on this task, which was started but 
not completed at the time of his death. Now Dr. Shackelford has wisely taken over only the 
gastrointestinal section and has rewritten it with completeness and great merit. 

Of particular value is the fact that the three new volumes are not just descriptions of opera- 
tions, as was the original Bickham, but that there is added some evaluation of the various pro- 
cedures from the experience of Dr. Shackelford and reports from the literature, so that the 
reader is offered opinions aiding in making a decision on what to do. Thus for more reasons 
than operative technique will one want these books on hand. For each disease the surgical 
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anatomy and physiology of the organ is described, and there is a concise modern review of the 
etiology, symptoms, diagnosis, pathology, and principles of treatment. A subject is often covered 
much better than in most textbooks of surgery. Special points on what to avoid are emphasized, 
postoperative care is presented explicitly, and, finally, the results of the various operative pro- 
cedures are listed from good references. 

Shackelford’s volumes are profusely and beautifully illustrated, with the originals from many 
sources. Not being redrawn, the pictures are not uniform, but the additional cost of the extra 
artist work would not be at all worthwhile when compared to the frequency with which illustra- 
tions have been put in to emphasize some small but important point. One gets an excellent visual 
picture of the treatment procedures and commonly a complete sequence of illustrations from some 
master surgeon is included to show his way of doing things. Being interested in gastrointestinal 
surgery, I recognize most of these illustrations. They are up-to-date and from the best sources. 

It is not possible in this review to give credit to the great amount of material presented in 
these three volumes, but it is immensely comprehensive from esophagus through anus. All 
surgeons interested in gastrointestinal procedures will want to have these volumes available. 
They should be added to every hospital library for the interns and residents to read, since they 
are the very best of recent source material on this subject and will be valuable for a long time. 
For ready reference, the busy general surgeon will need them among his current books. While 
they are expensive, they are certainly legitimate professional tax deductions and are part of the 
great background of recorded surgical experiences from which we continually draw on in our 
efforts to be masters of our art. Watter G. Mappock, M.D. 


Heart. By Aldo A. Luisada, M.D. Second edition. Price, $15.00. Pp. 680, with 312 illustrations. 
Williams and Wilkins Company, Mount Royal and Guilford Aves., Baltimore 2, 1954. 


This is the second edition of a textbook of cardiology which serves as an excellent companion 
piece to the author’s recent book, “The Heart Beat.” 

The author opens his preface to the first edition with the statement that the book “has been 
written for the large group of physicians who desire to increase their knowledge of heart disease.” 
Such a statement might lead one to believe that this is just another textbook of cardiology. 
Further inspection reveals that this text is a new departure in approach to the subject of heart 
disease, one which has been lacking in textbooks for some time. 

Recent thinking and teaching in the field of heart disease has stressed the “dynamic” approach 
—explaining abnormalities and disease in the light of physical principles of hemodynamics and 
normal function as revealed by more recent techniques of study. It is strange that more of the 
recent textbooks of cardiology have not followed this approach, and it is gratifying to see that 
Dr. Luisada has forsaken the more classical methods to write a textbook of cardiology which 
is based on applied physiology and physics. 

In general, each condition is considered in an orderly way, the usual order being etiology, 
pathology, signs and symptoms, specific local signs and graphic phenomena, x-ray and electro- 
cardiograms, course and complications, diagnosis, and treatment. Throughout, however, the 
significance of altered function is stressed and explained by means of numerous diagrams and 
graphic tracings. 

The illustrations and diagrams are simple, clear, and well reproduced. The index is complete. 
Although it is not in the encyclopedia class, the book is very complete and well written. It is 
highly recommended for any internist, student, or cardiologist. 

Jacques M. Situ, M.D. 


Reserpine in the Treatment of Neuropsychiatric, Neurological, and Related Clinical 
Problems. Edited by Roy Waldo Miner. Price, not given. Pp. 280. The New York Academy 
of Sciences, 2 East 63rd St., New York 21, 1955. 


“Reserpine in the Treatment of Neuropsychiatric, Neurological, and Related Clinical 
Problems” is the subject of the April 15, 1955, issue of the Annals of the New York Academy of 
Sciences. Thirty papers describe the neuropharmacology and clinical uses of the drug. Two 
of the papers report the use of chloropromazine as well as the use of reserpine. The papers were 
the result of a conference on reserpine held by the Section of Biology of the New York 
Academy of Sciences on Feb. 3 and 4, 1955. Included are reports on the use of reserpine in the 
various psychoses and neuroses, ambulatory and hospitalized geriatric psychotics, essential 
hypertension, chronic schizophrenic reactions, shock-reversible and shock-resistent patients, 
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chronically disturbed psychotic patients; irritable and hypertonic infants; office and private 
psychiatric practice ; organic convulsive states, enuresis, and head injuries; epilepsy and behavior 
problems in children; narcotic withdrawal sickness; dermatological therapy; preoperative, 
peroperative, and postoperative sedation; headaches, and chronic bronchial asthma and chronic 
pulmonary emphysema. 

The general tone of perhaps the majority of the reports is one of qualified optimism. Reserpine 
appears to be establishing for itself a definite place in the armamentarium of psychiatric treat- 
ment, although it now does not seem likely that it will completely replace any of the other 
presently accepted methods of psychiatric treatment. It appears to be of most value in “tran- 
quilizing” agitated or disturbed psychiatric patients, without producing narcosis or hypnosis, and 
is of least value in the treatment of depressions. Dosage has to be individualized for the given 
patient. Of special interest is the observation made in a number of the papers that reserpine 
makes patients more accessible to psychotherapy. ““We may be entering a New Era,” states 
Sydney Kinnear Smith, “because of a better integration between the several schools that con- 
stitute our specialty. The Couch may yet be moved from the Ivory Tower to the Temple cf 
Aesculapius.” 

A word of warning, however, should be sounded against the indiscriminate use of reserpine 
to treat psychiatric patients. The drug should not be used without a detailed knowledge of its 
effects and side-effects or without a thorough knowledge of psychopathology and psychodynamics. 
Some patients become temporarily more disturbed and others go into depression. Hoffman and 
Konchegul comment: “This drug demands that every other therapeutic resource available be 
used intelligently in the further treatment of our patients, for the patients who respond to 
reserpine are now more accessible to such therapy. Rather than solving the difficult problems 
of the hospital treatment of the mentally ill, the availability of a drug such as this introduces 
grave problems for while the burdens of caring for the disturbed are lessened by reserpine, the 
challenge of providing the appropriate additional psychiatric treatment for those no longer dis- 
turbed will tax all of our ingenuity, skill, and resources.” 

Unfortunately, none of the papers deals with the use of reserpine in the treatment of acute 
alcoholic agitations, although one report describes promising results in its use to prevent with- 


drawal sickness in narcotic addicts. . : 
ss idicts W. B. Spriecet, M.D. 


Advances in Internal Medicine: Vol. 6. Edited by William Dock, M.D., and I. Snapper, 
M.D. Price, $10.00. Pp. 375, with 103 illustrations. Year Book Publishers, Inc., 200 E. 
Illinois St., 1954. 

This book consists of reviews of ten subjects, each with excellent and extensive bibliographies. 
Most of the topics are of general interest to internists, and all are timely and include the most 
recent facts and experimental data. The material is written in a coherent simple fashion, well 
interpreted and summarized. 

One of the topics, diaphragmatic hernia, by Sidney Weintraub, reviews all aspects of this 
condition including the physiology, complications, and differential and x-ray diagnosis, with 
illustrations and treatment, both medical and surgical. 

A. F. Willebrands and J. Groen give two methods of determination of insulin in blood and 
discuss the significance and uses of these tests including physiology and factors involved in their 
clinical applications. Their data are given showing blood insulin values in normals in man 
and values in diabetes mellitus, hyperinsulinism, islet-cell adenoma, insulin resistance, diabetic 
coma, etc. The normal value has been shown to be about 10-4 units of insulin per milliliter of 
blood. 

A provocative discussion of uropepsin, by Donald C. Balfour Jr., indicates the potentialities 
of this relatively simple urine test in peptic ulcer, gastric carcinoma, and pernicious anemia. 
Diagnosis of emotogenic hyperacidity apropos of vagotomy in treatment versus gastric resection 
in treatment is an especially fascinating possibility. The effect of steroid therapy on gastric acid 
secretion may be followed by and somewhat regulated by studies of urinary uropepsin. 

The theory and practical applications of special vectorcardiography are made very compre- 
hendible in a section by Arthur Grishman. The “cube” and the “orthogonal” methods for 
symbolization are discussed. The teaching value of the spacial method is mentioned, as is the 
greater diagnostic value over the conventional electrocardiogram in certain conditions such as 
bundle branch block with infarction and certain obscure types of infarction. 
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The Papanicolaou technique and its use in diagnosis of exfoliated cells from many organ 
systems is included in a section by Ruth M. Graham. 

The physiology and possible role in diabetes of glucogon, the anti-insulin hormone, is 
thoroughly explained by Piero P. Fos, of Chicago. 

Malcolm M. Hargraves relates in detail the interesting L. E. cell phenomenon, including 
excellent photomicrographs, a discussion of artificial L. E. cell production, and the details of 
laboratory diagnosis of L. E. 

A comprehensive review of the porphyrias, by C. H. Watson, is too complicated in certain 
sections for easy reading. However, a simple classification is suggested, and the latest attempts 
at therapy are discussed. 

The subject of thrombotic thrombocytopenic purpura is very abiy reviewed by Karl Singer. 
A table of differential diagnosis and a discussion of etiology, pathogenesis, and treatment is 
included. 

These topics and bibliographies hold value for the person with research interests and are also 


clinically well oriented to the needs of the practitioner. Rosser S. Nommai, M.D. 


Should the Patient Know the Truth? Edited by Samuel Standard, M.D., and Helmuth 
Nathan, M.D. Price, $3.00. Pp. 159. Springer Publishing Company, Inc., 44 E. 23rd St., 
New York 10, 1955. 

The very title of this series of questions on patient-physician relationships and matters of 
medical morality suggests that there is such a thing as “the truth,” that this is known to the 
physician, and that it is sometimes kept away from the patient. In actual fact, as many of the 
interesting and different essays in this collection clearly set forth, the problem is much more 
complicated than that. To begin with, the problem concerns the truth merely when it is 
unpleasant. When the prognosis is good, the diagnosis indicates a benign course or benign 
lesion, or when nothing bad has been found, there is no question in anyone’s mind. On the other 
hand when the disease is serious, when the outcome is in doubt, or when death is anticipated 
and, particularly, when some form of malignant tumor forms the basis of the patient’s trouble, 
the questions are very perplexing. There is, in fact, no consensus on this matter, and I believe 
that all the just physician can state dogmatically is that what the patient is told should be 
true but not necessarily all that the physician knows should be told. Actually the problem and 
an effort to solve it have nowhere been stated better than in H. J. Henderson’s essay on 
“The Physician and Patient as a Social System,” in the New England Journal of Medicine 
112:819, 1935. WILLIAM B. BEAN. 


Viral Hepatitis: Clinical, Laboratory, and Public Health Aspects. By Heinz F. Eichen- 
wald, M.D. Price, $0.55. Pp. 59, with 11 illustrations. United States Government Printing 
Office, Washington 25, D. C., 1955. 


Viral hepatitis, a disease which, surprisingly, turned out to be the major epidemic of infectious 
disease in World War II, has received intensive study then and since that time, but, in spite 
of the tremendous amount of research, advances in our understanding of the disease have been 
disappointingly meager. This volume is particularly useful as a manual for health officers, army 
physicians, and those in practice away from large centers. It sets forth in detail methods for 
diagnosis, treatment, and, hopefully, for prevention. The manual was intended just for such 
purposes. Theoretical discussion is necessarily short. Also, the clinical side of the argument is not 
nearly so detailed or as well covered as the laboratory procedures. Altogether, this is a very 
useful and corvenient field manual, which does not pretend to be anything else. 


WiLuiaM B. Bean, M.D. 
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